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PREFACE 


This  document  presents  criteria  prepared  as  the  basis  for  develop¬ 
ing  TWDA,  a  computer  program  for  design  and  analysis  of  inverted-T 
retaining  walls  and  floodwalls.  Development  of  the  program  is  a  joint 
effort  of  the  Computer-Aided  Structural  Design  (CASD)  Project  of  the 
U.  S.  Army  Engineer  Division,  Lower  Mississippi  Valley  (LMVD) ,  and  of 
the  Computer-Aided  Structural  Engineering  (CASE)  Project  of  the  Office, 
Chief  of  Engineers,  U.  S.  Army  (OCE) . 

Mr.  William  A.  Price,  Chief,  Computer-Aided  Design  Group  (CADG) , 
Automatic  Data  Processing  (ADP)  Center,  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  provided  the  overall  design  of  the  program  and 
led  the  program  development  team. 

Engineering  criteria  for  TWDA  were  provided  by  the  members  of 
LMVD's  CASD  Committee  and  of  the  CASE  Task  Group  on  T-Walls  and  by  other 
Corps  personnel: 

LMVD's  CASD  Committee 

Victor  M.  Agostinelli,  LMVD  (Chairman) 

Arvis  R.  Dennis,  Vicksburg  District 
Clifton  C.  Hamby,  Vicksburg  District 
Sefton  B.  Lucas,  Memphis  District 
Joseph  Barber,  Memphis  District 
James  G.  Bigham,  New  Orleans  District 

Joseph  V.  Milliorn,  formerly  with  the  New  Orleans  District 

James  J.  Smith,  St.  Louis  District 

Thomas  J.  Mudd,  St.  Louis  District 

James  Cronin,  St.  Louis  District 

Carlton  Smith,  St.  Louis  District 

CASE  Task  Group  on  T-Walls 

Victor  M.  Agostinelli,  LMVD  (Chairman) 

Terry  C.  Cox,  LMVD 

Alvis  Eikstrems,  North  Atlantic  Division 
Stacey  Anastos,  North  Atlantic  Division 

Joseph  V.  Milliorn,  formerly  with  the  New  Orleans  District 
Raymond  Veselka,  Galveston  District 

OCE  (DAEN-CWE-DS)  Personnel 

Keith  0.  O'Donnell,  former  Chief,  Structural  Engineering  Section 
(retired) 


i 


_ _ mm 


OCE  (DAEN-CWE-DS)  Personnel  (Continued) 

Donald  R.  Dressier 
Lucian  G.  Guthrie 

Other  Corps  Personnel 

William  A.  Price,  WES 
Carl  E.  Pace,  WES 

James  D.  Wall,  South  Atlantic  Division 

This  document  was  compiled  by  Mr.  Agostinelli,  Mr.  Price,  and  Dr. 
Pace.  It  was  published  for  LMVD. 

A  basic  user's  guide,  a  user's  reference  manual,  and  a  validation 
report  will  also  be  published  on  TWDA  by  WES. 
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Special  marginal  notes,  in  the  form  of  a  letter  or  group  of  letters 
enclosed  in  brackets,  are  used  to  identify  the  principal  sources  of  the 
key  items  of  criteria.  These  symbols  include: 

[F]  EM  1110-2-2501,  "Flood  Walls,"  Jan  1948,  with  Change  3, 

18  Jun  1962. 

[FD]  Draft  manual  for  floodwalls  (EC  1110-2-156,  17  Jun  1975). 

[R]  EM  1110-2-2502,  "Retaining  Walls,"  29  May  1961,  with  Change 
3,  25  Jan  1965. 

[D]  EM  1110-2-2200,  "Gravity  Dam  Design,"  25  Sep  1958. 

[EL]  ETL  1110-2-22,  "Lock  Gravity  Walls,"  19  Apr  1967. 

[ED]  ETL  1110-2-184,  "Gravity  Dam  Design — Stability." 

[E]  ER  1110-2-1806,  "Earthquake  Design  .  .  .  Dams,"  30  Apr  1977. 

[ACI]  AC I  318-71,  "ACI  Building  Code  .  .  .  Concrete,"  with  1976 
Suppler  ent. 

[WS]  EM  1110-2-2101,  "Working  Stresses  for  Structural  Design," 

1  Nov  1963. 

[ HSR ]  EM  1110-2-2103,  "Reinforcement  .  .  .  for  Hydraulic  Struc¬ 
tures,"  21  May  1971. 


[ChS]  OCE  specifications  (guidance  from  DAEN-CWE-DS  personnel). 
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PROGRAM  PURPOSE  AiNI)  ORGANIZATION 


1.1  \  PURPOSE  OF  P ROG RAM  TWDA 

1.1.1  2»Program  TWOA  is  to  be  a  computer-aided  structural  design  system 
tor  analysis  and/or  design  of  inverted-'!'  cant ’lever  walls  founded  on 
earth  or  rock.  Multiple  load  cases  will  allow  the  wall  to  act  as  a 
floodwall  or  a  retaining  wall-,^ 


1.1.2  This  program  criteria  specifications  document  is  intended  for 
use  by  structural  engineers.  The  computer  program  that  these  criteria 
are  for  does  not  attempt  to  establish  any  soils  design  criteria;  such 
data  must  be  entered  by  the  user  after  consultation  with  soils  design 
engineers.  lucre  are  no  default  values  for  soils  criteria  parameters, 
except  as  provided  in  the  engineering  manuals  .for  structural  design. 

1.2  ORGANIZATION 


1.2.1  Stmcture  -  The  program  will  be  a  series  of  design  or  analysis 
modules,*  each  performing  one  specific  step  in  the  design  or  analysis 
process.  These  modules  will  be  callable,  in  any  logical  sequence,  from 
an  executive  command  phase.**  While  in  t li e  executive  phase,  the  user 
may  call  various  procedures  for  data  entry,  data  review,  saving  the 
current  design  status,  restoring  from  an  old  status  save,  etc.  This  is 
illustrated  in  Figure  1-1. 

1.2.2  Data  Entry  -  The  data  entry  procedure  will  be  similar  to  that  for 
program  TGDA,:'  except  that  the  data  phase  may  be  incorporated  into  the 
command  phase  instead  of  being  separate  as  in  TGDA.  Features  will 
include : 


a.  Data  are  entered  by  naming  the  group  and  listing  the  values 
in  that  group,  all  on  one  line. 

h.  Default  values  may  be  requested  by  entering  the  letter  "D" 
instead  of  a  numerical  value. 


*  A  module  is  a  subprogram  that  is  controlled  as  one  unit  and  that 
performs  one  complete  aspect  of  the  purpose  of  the  entire  program. 

**  The  executive  phase  of  this  program  is  the  central  core  of  the 
user's  flow  of  control.  The  user  may  enter  data  or  start  a  module 
while  in  the  executive  phase. 

TGDA  (three-girder  tainter  gate  design/analysis)  is  a  computer  pro¬ 
gram  (71  i-FJ-RO-022)  developed  for  LMVD's  CASD  Committee  in  1976. 
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Figure  1-1.  BASIC  PROGRAM  FLOWCHART 

c.  Values  to  be1  calculated  will  be  identified  to  the  program 
by  typing  the  letter  "C"  instead  of  entering  a  value. 

d.  A  value  that  is  to  be  left  unchanged  from  its  previous  state 
will  be  identified  to  the  program  by  typing  the  letter  "S . " 

e.  The  program  will  look  for  illogical  and  inconsistent  data 
and  will  identify  such  items  to  the  user  for  correction  or  use  anyway. 

f.  The  current  status  of  items  of  input  data  or  of  all  data 
values  can  be  reviewed. 

g.  Multiple-level  prompting  is  provided  as  in  program  TGDA,  ex¬ 
cept  that  the  minimum  level  will  be  less  wordy  than  in  program  TGDA,  for 
the  more  experienced  users. 

Thus,  the  program  will  accept  several  sets  of  input  data,  where  the 
following  sets  contain  only  the  changes  to  the  data  comprising  the  preced¬ 
ing  sets.  Repetitive  data  will  remain  unchanged. 

1.2.3  Data  Review  -  Data  review  will  be  available  in  two  ways: 

a.  Input  Data  Review  will  be  done  as  in  the  data  input  phase 
in  program  TGDA  w’th  the  LOOK  command. 

b.  Default  Value  Kcv'ew  will  be  done  in  a  separate  module. 

Unless  reviewed  with  this  option,  default  values  will  be  set  automatically 
by  the  user's  selection  of: 

(1)  Floodwall  or  retaining  wall  criteria. 


1-2 


(2)  Hydraulic  or  nonhydraulic  structure  criteria. 

Making  the  review  of  default  values  optional  is  expected  to  enable  the 
experienced  user  to  simplify  and  expedite  his  preliminary  designs.  In 
any  case,  the  values  will  be  printed  out  in  the  report  file.  The  combi¬ 
nation  of  a  nonhydraulic  floodwall,  being  illogical,  will  be  rejected. 
Default  values  will  always  be  taken  from  OCE  publications;  nonstandard 
values  set  by  the  user  will  be  so  labeled  in  the  report  file  and  veri¬ 
fied  interactively. 

1.2.4  Restart  Capability 

a.  In  addition  to  the  user-controlled  SAVE  files,  the  program 

will  use  an  automatic  UPDATE  file  that  is  reset  after  the  completion  of 
a  command  or  a  calculation  module.  , 

b.  The  RESTart  command  will  restart  the  program  from  an  old 
update  or  saved  file. 

1.2.5  Volume  Of  Printout  -  Printout  will  be  of  two  types: 

a.  The  printout  to  the  user’s  time-sharing  terminal  will  be 
restricted  to  the  minimum  needed  for  the  user  to  make  his  decisions. 

b.  A  full  report  of  calculations  made  will  be  written  to  a 
report  file  that  can  be  listed  at  a  time-sharing  terminal  and/or  sent  to 
the  high  speed  printer  in  the  user's  District  office  ADP  Center. 

1.2.6  Calculation  Modules  -  A  list  of  the  major  calculation  modules 
includes: 

a.  SA  -  Stability  analysis  Active  pressures  for  overturning  and 
sliding,  calculated  along  a  vertical  plane  at  end  of  heel. 

(1)  Coulomb's  equations  plus  surcharge  pressure  equations 
assuming  elastic  soil. 

(2)  Incremental  wedge  methods  (see  paragraph  4.3.1b). 

(3)  As  imputted. 

b.  FA  -  Foundation  stability  Analysis  of  completely  defined 
wall  (overturning,  sliding,  and  bearing);  uses  module  SA  as  needed. 

c.  FD  -  foundation  stability  Design;  uses  modules  SA  and  FA  as 

needed . 

d.  SP  -  Stem  Pressures  for  structural  analysis.  Same  basis 

as  module  SA,  except  that  the  pressures  are  calculated  at  the  stem  face 
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instead  of  at  the  end  of  the  heel.  This  is  for  structural  analysis  of 
the  stem.  Heel,  toe  and  key  slabs  will  use  pressures  based  on  the 
stability  analysis  from  modules  FA  or  FD,  as  described  in 
paragraph  9.1.1. 

e.  WA  -  Working  stress  structural  Analysis. 

f.  WD  -  Working  stress  structural  Design. 

g.  UA  -  Ultimate  strength  structural  Analysis. 

h.  UD  -  Ultimate  strength  structural  Design. 
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2 .  DATA 

2.1  GENERAL 

Data  will  be  of  two  types,  basic  data  and  load  case  data.  Basic 
data  will  be  used  as  common  to  all  load  cases  unless  overridden  by  data 
for  a  particular  load  case.  Load  case  data  will  consist  of  values  appli¬ 
cable  to  only  the  one  load  case.  Basic  data  will  also  include  unchanging 
data  such  as  wall  dimensions. 

2.2  BASIC  DATA 

2.2.1  Criteria  Selection 

(1)  Floodwall  or  retaining  wall? 

(2)  Hydraulic  or  nonhydraulic  structure? 

2.2.2  Mall  (basic  data  for  design,  described  in  paragraph  3.3;  may  be 
set  by  groups  for  different  wall  types).  Major  items  are  listed  below: 

(1)  Top  of  stem  elevation  and  minimum  thickness. 

(2)  Toe-side  batter  of  stem. 

(3)  Heel-side  top  panel  height  and  batter  of  stem. 

(A)  Heel-side  bottom  panel  batter  of  stem. 

(5)  Minimum  base  slab  thickness. 

(6)  Bottom  of  toe  elevation  or  range  of  values.* 

(7)  Toe  width  or  stem  ratio. 

(8)  Base  width,  range  of  values.* 

(9)  Base  slope,  range  of  values.* 

(10)  Key  depth,  maximum  value.* 

(11)  Key  batter,  toe-side  face. 

(12)  Key  location  indicator  (0  if  at  heel,  1  if  at  stem). 

2.2.3  Soils  data  as  illustrated  in  Figure  3-1  and  described  in 
Section  A. 

2. 2. A  Loads  common  to  all  load  cases  (except  ones  for  which  value(s) 
are  reset  in  load  case  data),  as  described  in  paragraph  2.3. 

2.3  LOAD  CASE  DATA  (for  each  individual  load  case) 

2.3.1  Possible  Factors  for  Describing  Any  OKS  Load  Case  (in  addition 
to  or  in  place  of  basic  data): 


*  Varies  between  limits  set  by  user. 
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Water 


(1)  Water  elevations  over  heel  and  over  toe,  unit  weight 
of  water  (default  =  62.5).  See  paragraph  3.2.1e  for 
illustration  of  elevation. 

(2)  Seepage  pressure  according  to  descriptions  in 
paragraph  3. 3 . 3 f . 

b .  Ear  tli 

(1)  Earth  geometry  over  heel,  at  stem,  and  over  toe  if 
different  from  basic  data.  Also  soils  properties  data 
if  different  from  soils  basic  data  input. 

(2)  Earth  pressures  on  wall  (a)  calculated  from  the  earth 
elevations  and  K-value  Coulomb  theory,  (b)  calculated 
from  the  earth  elevations  and  incremer.  al  wedge 
theory,  or  (c)  as  inputted  separately.  See  paragraph 
3.3.3h  for  more  detail. 

c .  Horizontal  Loads 

(1)  Trapezoidal  (linearly  varying  distributed)  loads, 
horizontal  on  stem  (W  and  W  through  W,  in 
Figure  2-1). 

(2)  Concentrated  horizontal  forces  and  their  elevations 
(PH1  and  PH2  in  Figure  2-1). 

d.  Surcharges  over  heel  and  over  toe,  values  and  locations 

(1)  Distributed,  over  all  or  any  part  of  cross  section 
(W^  and  W^  in  Figure  2-1). 

(2)  Up  to  five  vertical  concentrated  line  loads  parallel  to 
wall,  (P  ^  through  P  ^  in  Figure  2-1),  plus  force 

P  .  centered  on  the  top  of  the  stem  and  P  „  anvwhere 
on  the  base. 

e.  Wind  direction  and  magnitude,  psf 

f.  Earthquake  effect  toward  heel  and  toward  toe  (really  two 
subcases) 

g.  Design  criteria 

(1)  Load  factors  for  R/C  Ultimate  Strength  Design  or  over¬ 
stress  factor  for  Working  Stress  Design. 

(2)  Allowable  bearing  capacity,  range  of  values  over  ranges 
of  allowable  toe  base  elevations  and  base  widths  (see 
paragraph  7.2.2). 

(3)  Minimum  creep  ratio  (see  paragraph  3.3.3c  for  guidance). 

(4)  Minimum  factor  of  safety  against  shear  friction  sliding 
(see  paragraph  6.1a). 
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@  Ground  over  heel 


:zH~ 


any  elev  at  or  | 
above  bottom  of  toe| 


Pu0  I?  any  elev  on  stem 
Z  only 


"crack"  as  defined  In 
paragraph  S-12  of 
EM  1110-2-2501 
(See  para.  3.3.3.k) 

P„ 


3FVB  Z 


All  forces  and  pressures  are  shown  acting  In  the 
positive  direction. 


external 
applied 
pressure , 

In  addition 
to  seepage 
pressure,  an 
alternative 
to  active 
earth 

pressure  if 
there  is  a 
c rack  over  the 
heel.  See 
para.  3.3.3k 


u 

@  bottom  of  key 


If  key  at  heel, 
otherwise  at 
end  of  heel. 


**  Centered  on  top  of  stem 

#  At  or  below  top  of  stem 

*  At  or  above  Ground  over  heel. 

Z  Any  value^on  either  side  of  the  stem  (either  direction)  *  +  if  over  heel,- 
if  over  toe. 

Note  that  forces  P  through  P  ,  are  applied  at  finished  grade  elevations 

while  P  and  P  .  are  applied  cllrectly  to  the  concrete, 
vs  vb 


Figure  2-1.  ILLUSTRATION  OF  APPLIED  LOADS 
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(5)  Minimum  safety  factor  for  cohesion  and  (tan  if)  data 
values  used  in  sliding  determination  by  allowable 
strength  equilibrium  methods  (see  paragraphs  6.1.2 
and  6.1.3) . 

(6)  Limiting  value  of  overturning  stability  resultant  ratio 
(paragraph  5.4.2). 

(7)  Reinforced  concrete  design  parameters  (see  Exhibits  E 
and  K  for  items). 

(8)  Specification  of  "hydraulic"  or  "nonhvdraul i c" 
structure. 

(9)  Heel  earth  cover  crack  control  (see  paragraph  3.3.3k). 
h .  Loading  Classification 

(1)  Long-term  operation. 

(2)  Short-term  operation. 

(3)  Normal  operation  plus  earthquake. 

2.3.2  Typical  Application  of  Load  Cases  -  Any  load  case  may  have  any 
or  all  of  tiie  effects  described  in  paragraph  2.3.1. 
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3.  STABILITY 

3.1  INTRODUCTION  TO  STABILITY  CRITERIA 

3.1.1  The  criteria  for  stability  are  the  most  uncertain  and  among  the 
most  important  data  used  in  design  of  an  inverted-T  wall.  A  complete 
stability  analysis  includes  the  effects  of  overturning,*  sliding,**  base 
pressures,!  and  settlement.  Settlement  computations  are  beyond  the 
scope  of  this  program. 

3.1.2  This  computer  program  will  lead  the  engineer/user  through  either 
design  or  analysis  of  an  inverted-T  wall  with  multiple  load  cases  and  a 
multilayered  soil  system  with  assorted  surcharges.  It  will  show  the 
engineer  a  set  of  recommendations  for  design  or  analysis  parameters  and 
then  use  the  user's  decisions  to  complete  the  detailed  analyses. 

3.1.3  This  computer  program  will  design  or  analyze  for  shallow-seated 
stability  limited  to  forces  on  the  wall  acting  at  or  above  the  interface 
between  the  bottom  of  the  wall  base  and  the  soil.  The  term  "wall  base" 
is  used  here  to  include  any  key.  Deep-seated  stability  which  includes 
the  earth  beneath  the  lowest  point  of  the  base  or  key  is  beyond  the 
scope  of  the  program. 

3.2  CONFIGURATIONS 

3.2.1  Design  Load  Configuration  References 

a.  Paragraphs  2.3.1c  and  2. 3. Id  describe  surcharge  types. 

b.  Figure  3-2  shows  details  of -wall  dimensioning. 

c.  Figure  3-4  shows  location  of  edges  of  structural  excavation. 

d.  Paragraph  3.3.3d  describes  the  effects  of  sheet  pile  cutoff 

walls . 

e.  Figure  3-1  illustrates  the  soils  environment  data. 

3.2.2  Base  Contact  Configurations  -  This  computer  program  works  with  a 
unit  slice  of  wall,  measured  along  the  vertical  plane  through  the  basic 
working  point  shown  in  Figure  3-2.  This  is  taken  as  being  the  toe  side 
of  the  top  ..  f  the  stem. 


*  Discussed  in  Section  5. 
**  Discussed  in  Section  6. 
t  Discussed  in  Section  7. 
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Vertical  dimension  line  through  Basic  Working  Point 


Basic  Working  Point  — 
(BWP) 


This  point  must  be 
toward  the  toe  from 
existing  ground 


Elev.  of  top  of  Soil  2#| 
extended  to  under  BWP 


■7a\v 


O  %  Sol]  No.  b 
3 

Homogeneous  Subgrade 
(earth  or  rock)  ,  may  be 
soils  3,  and/or  3, 
depending  on  base  elevation 

*  Default  value  •  0.0 


Default 


level,  may  be  ♦  or 


optional  sheet 
pile  cutoff  wall''*— 
at  key  as  noted  in 
para.  3.3.3.d 


**  Water  level  may  be  above  the 
top  of  stem  if  the  same  on 
both  sides.  If  the  water 
is  below  the  top  of  stem, 
there  are  no  restrictions 
on  headwater  or  tail  water 
elevat ions . 

X  Soil  no.  6  may  be  a  strut  reaction  taking 
all  sliding  forces.  These  forces 
will  be  printed  out. 

()  Different  load  cases  may  include  different  values  for  backfill  soils 


Figure  3-1.  FINISHED  GRADE  SOILS  CONFIGURATION 
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a.  General  Case — Trapezoidal  Base.  In  the  general  case  of  a 
curved  wall  segment,  the  base  contact  soil-structure  interface  is  curved 
The  base  plan  used  for  calculations  in  this  program  uses  straight-line 
approximations  for  the  curved  outer  edges  of  the  unit  slice: 


(See  paragraphs  7.1.2b  and  7.1.3b  for  formulas  for  base  pressures.) 


b.  Usual  Case — Straight-Line  Wall  Segment.  The  usual  case  of  a 
straight-line  wall  utilizes  the  familiar  expressions  for  pressures  under 
a  rectangular  base  contact  area.  See  paragraphs  7.1.2a  and  7.1.3a  for 
formulas  fcr  these  base  pressures. 

3.3  GENERAL  STABILITY  CAPABILITIES 

3.3.1  Wall  Dimension  Variations  -  The  heel  side  is  taken  as  being  the 
side  with  the  greater  driving  force  on  the  wall.  Variable  values  are 
set  to  the  default  value,  unless  defined  by  the  user  or  controlled  by  the 
various  design  routines.  See  Figure  3-1  for  soils  system  description. 

3.3.2  Quantities  For  Cost  Comparison  -  Cost  comparisons  are  used  for 
identifying  optimum  designs  and  for  design  memorandum  quantity  takeoffs. 
Items  considered  include: 

a.  Structural  Excavation  below  existing  grade  is  shown  in 
Figure  3-4.  It  will  be  calculated  separately  for  eacli  existing  soil 
layer  so  that  different  unit  prices  can  be  used  in  each  layer. 


b.  Structural  Backfill,  to  either 

(1)  Existing  grade  or 

(2)  Finished  grade  if  below  existing  grade.  (Concrete 
volume  not  included.) 
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1 


Basic  Working  Point 


+  BASER  radius,  defining  trapezoidal  base 

shaDe — not  used  for  rectangular  (unit  slice) 
_ _ _ _ _ w  w  walls 

Set  value  or  minimum  thickness  TM1NS, 

default  *  12  inches  for  wall 
heights  not  over  15  ft,  18" 

*4  for  walls  more  than  15  ft.  high, 

j  (also  default  value  for  TMINB). 

batter,  default  «  0.0 

^-Default  height  of  top  panel, 
calculated  for  concrete  strength 
with  fluid  unit  weight  *  7 0.0 
(See  Figure  3-3). 


Toe  elevation 


Alternate  key  locations  as  ^ 

described  in  paragraph  2.2.2(12)  \ 


Varied  by  stability  design, 
see  paragraph  5.3.1 


--heel  width,  may  be  set  in 
c  input  data.  Default  min.  * 

V  i'-o" 

ottom  <panel  batter,  default  value 
calculated  for  stem  thickness 

Face  of  ta**em  paneil,  extended 


minimum  = 

TMINB  or  as 
needed  for 
strength  every 
_wh>re  along 
heel  slab 

‘ key  depth 
default 
-  0.0* 


These  two  points  may  both  be  set,  at 
user  option,  at  the  same  elevation  as 
needed  for  strength  at  both  locations 

key  batter,  default  *  3 
Base  width*  default  =  3/5  x  wall  height 


Vertical  face 


Figure  3-2.  WALL  CROSS  SECTION  SHOWING  MAJOR  VARIABLES 
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12” 


Basic  Working  Point 


Vertical 


1/3  BW 


^  For  resisting  moment  -  applied  moment 
usyig  Working  Stress  Design: 


(.35^  kd*s) j d  b-(!5YKrH2b)| 


panel'll/ .  I 

H  -V- 


top  panelrjy  .  35(3)  (f^  kjd  'j 
max . 


YKr 


[/■  35(3)  (3000)  (.383)  (♦891)  (8. 5*) 
*  (120/1728) (0.8) 

111.8  inches-  9.32  feet 


To  suit  stem  moment  at  base,  according  to 
above  equation  transposed  to  d  -  f  (...) 


12" 


E 


*  Default  value  for  clear  cover  over  reinforcing  -  3  inches  (EM  1110-2-2103) 

#  Default  value  of  0.35  is  for  hydraulic  structures  designed  with  WSD,  \ 

Non-hydraullc  structures  designed  by  WSD  would  have  a  default  value  of  0.49 


Figure  3-3.  WALL  CROSS  SECTION  WITH  ILLUSTRATION  OF  ALL  DEFAULT 
VALUES  FOR  HYDRAULIC  STRUCTURES 


Default  values  are  taken  from  EM  1110-2-2501,  unless  otherwise  noted. 


Basic  Working  Point 


* 

** 

It 

X 


slope  to  toe  ~l  default  =  level  (shown  -) 
slope  to  hr  el) 

excavation  side  slope,  default  *  151 
excavation  extra  width,  default  «  2.0  each  side 


Figure  3-4.  STRUCTURAL  EXCAVATION 


c.  Volume  of  Concrete  (stem,  base,  and  key  calculated  and 
priced  separately). 

d .  Embankment  Above  Existing  Grade . 

3.3.3  General  Criter ia 

a.  Incrementing  Dimensions  of  Wall  -  Use  a  3-incli  increment  for 
base  width,  toe  base  embedment,  and  key  length.  Use  a  l/2-ii»ch  incre¬ 
ment  on  concrete  thicknesses.  Use  a  0. 1  -  foot-horizontal  to  1.0-foot- 
vertical  increment  on  base  slope.  See  also  paragraph  5.3.1. 


b.  Limitations  on  Input  -  The  computer  program  will  allow  com¬ 
plete  flexibility  for  input.  The  specific  values  shown  in  this  discus¬ 
sion  are  suggested  values;  therefore,  the  designer  will  be  able  to 
override  them  with  his  own  values  (the  default  limits  are  for  design 
control  as  in  paragraph  5.3.1): 

(1)  Minimum 'earth  cover  over  top  of  heel:  The  default 
minimum  value  is  (3  feet  +  exposed  stem  height/10), 
but  not  less  than  5.0  feet,  from  paragraph  S— 1 2  of 
EM  1110-2-2501. 

(2)  Elevation  of  bottom  of  base  at  end  of  tow:  Controlled 
within  limits  established  by  the  user.  The  usual 
highest  elevation  is  to  produce  no  cover  over  the  toe. 
The  usual  minimum  elevation  is  to  produce  an  earth 
cover  over  the  toe  equal  to  one  half  the  wall  height. 
Note  that  as  the  toe  elevation  changes,  so  does  the 
heel;  and  this  may  affect  the  heel  cover  discussed  in 
paragraph  3.3. 3b (1 ) . 

(3)  Base  slope:  Controlled  within  limits  established  by 
the  user.  Usual  limits  are  level  and  a  1:3  slope. 

(4)  Key  length:  Controlled  within  limits  established  by 
the  user.  Usual  limits  are  no  key  and  0.8  times  the 
stem  height. 

(5)  The  stem  ratio  is  set  by  the  user.  The  default  value 
is  0.33,  from  paragraph  l-09c  of  EM  1110-2-2501,  except 
0.25  when  water  is  within  1.05  feet  of  the  top  of  the 
stem. 

c.  Hydraulic  Gradient  (1/creep  ratio)  at  the  toe,  based  on 
earth  under  the  base.  Minimum  permissible  creep  ratios  for  boil  control 
may  be  taken  from  page  5-5  of  the  draft  manual  for  floodwalls  (Loading 
No.  1  values  are  also  in  EM  1110-2-2501): 


Floodwall  Loading 
No.  1  for  Water 
Type  of  Foundation  Soil  at  Top  of  Stem 

Granular  (sand  or  gravel)  4.0 


Uniform  sands  and  silts  3.0 

Well-graded  sandy  silts  2.0 


Floodwall  Loading 
No.  2  for  Water  3  Feet 
Below  Top  of  Stem 


2.0 


Lean,  sandy  and  silty  1.8 

clays 


2.  0 
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d.  Sheet  Pile  Cutoff  Walla  -  Neglect  bearing  value  and  sliding 
resistance  of  cutoff  walls.  For  boil  control  purposes  only,  comparing 
the  creep  ratio  developed  against  the  allowable  minimum  value  for  para¬ 
graph  3.3.3c,  the  program  will  use  two  items  of  input  data: 

(1)  Effective  length  of  sheet  pile  below  the  bottom  of  key, 
and 

(2)  A  control  parameter  to  select  the  location  of  the  creep 
path  portion  between  the  bottom  of  the  effective  length 
of  sheet  pile  and  the  end  of  the  toe: 

(a)  One  path  along  the  toe-side  face  of  the  sheet  pile, 
key,  and  the  bottom  of  the  base-soil  interface. 

(b)  Or  the  other  path  being  a  single,  straight  line 
from  the  bottom  of  the  effective  length  of  sheet 
pile  to  the  end  of  the  toe. 

The  two  creep  paths  are  to  provide  minimum  and  maximum 
creep  ratios. 

e.  Drains  and  Filters  -  These  will  be  considered  effective  in 
shortening  the  seepage  path,  which  may  serve  to  increase  the  seepage 
uplift.  In  accordance  with  Engineering  Manual  recommendations,  weep 
holes  will  not  be  considered;  but  the  user  may  include  them  if  he  wants 
to,  by  coding  his  water  elevations  and/or  pressures  accordingly. 

f.  Hydrostatic  Pressures  -  The  user  has  three  ways  to  control 
the  calculation  of  1 ine-of-creep  hydrostatic  pressures  to  be  used  for 
design.  For  analysis,  the  user  mav  input  his  own  set  of  pressures  for 
any  or  all  load  cases,  in  which  case  these  input  pressures  will  be  sub¬ 
stituted  for  the  pressures  calculated  for  that  load  case(s).  Note  that 
these  options  do  not  apply  to  boil  control  as  discussed  in  paragraph 
3.3.3d: 

(1)  The  first  control  has  two  options  over  how  multiple 
load  cases  are  handled: 

(a)  Option  1:  Each  load  case  uses  its  own  pressures 
according  to  the  controls  described  in  paragraphs 
3.3.3f(2)  and  3.3.3k.  This  is  the  default  option. 

(b)  Option  2:  All  load  cases  use  the  pressures 
determined  for  the  first  load  case  listed  in  input 
da  ta  list  . 

(2)  The  second  control  has  four  options  that  may  be  used  for 
design  or  analysis: 
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(a)  Option  1:  The  line  of  creep  calculations  are  as 
described  in  EM  1110-2-2501  and  as  illustrated 
and  discussed  in  detail  in  Exhibit  H  for  sliding 
and  Exhibit  K  for  overturning.  This  is  the 
default  option  for  this  control.  Its  action  com¬ 
bines  with  the  heel  earth  crack  control  (paragraph 
3.3.3k)  to  determine  how  the  pressures  are 
determined . 

(b)  Option  2  (perched  water  table)  :  Any  load  case(s) 
will  use  the  water  elevation  over  the  toe  for 
weight  and  horizontal  pressure  above  the  toe  only. 
Uplift  will  be  hydrostatic,  based  on  the  water 
elevation  over  the  heel.  This  would  be  selected 

by  the  user  for  a  channel  with  an  impervious  floor: 


938  psf 
uplift 


(c)  Option  3:  Pressures  will  be  those  caused  by  the 

weight  of  water  over  the  heel  and  toe.  Uplift  will 
be  a  linear  variation  between  the  heel  and  toe 
hydrostatic  pressures.  The  user  might  select  this 
option  for  a  wall  on  rock: 
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(d)  Option  4:  Water  weight  and  horizontal  pressures 
above  the  base  will  be  hydrostatic  pressures  cal¬ 
culated  from  the  input  water  elevations.  Uplift 
pressures  will  be  input  data  for  analysis  only; 
will  be  used  as  zero  for  design: 


(3)  The  third  control  is  the  heel  earth  cover  crack  set  of 

options  described  in  paragraph  3.3.3k.  It  is  not  appli¬ 
cable  to  options  (b) ,  (c) ,  and  (d)  under  paragraph 
3.  3. 3f (2)  . 

g.  Stability  Design  for  Economy  -  Working  within  user-defined 
ranges  of  values  for  toe  embedment,  base  slope,  and  key  length,  the 
orogram  will  determine  the  combination  producing  the  least  cost  (calcu¬ 
lated  as  described  in  paragraph  3.3.2).  The  least-cost  combination  will 
be  offered  to  the  user  for  acceptance  or  modification  before  the  final 
analysis  results  are  written  to  the  report  file  and/or  written  to  the 
user's  time-shari.  ^rminal. 

h.  Type  of  Analysis  -  Both  Coulomb  and  incremental  trial  wedge 
analysis  values  of  active  earth  pressures  on  a  vertical  plane  along  the 
end  of  the  heel  will  be  presented  to  the  user.  The  user  will  then  select 
the  method  to  be  used  (or  input  his  own  values)  for  stability  analysis. 
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Default  is  the  Coulomb  method.  The  pressures  determined  from  the  final 
stability  analysis  will  be  the  ones  used  for  structural  design.  The 
methods  of  calculation  are  presented  later  in  this  document: 

(1)  Coulomb:  See  paragraph  4.3. 

(2)  Incremental  Wedge:  See  paragraph  II  of  Exhibit  A. 

i.  The  program  will  assume,  unless  otherwise  directed  by  the 
user,  that  the  wall  is  a  hydraulic  structure  within  the  meaning  of 

EM  1110-1-2101. 

j.  Maximum  Movement  of  floodwalls  will  be  estimated  according 
to  the  procedure  described  in  paragraph  5-5  on  page  5-7  of  the  draft 
manual  for  floodwalls.  The  values  of  C^  and  C ^  will  be  input  data  to  be 
selected  by  the  user.  This  estimate  is  to  be  optional.  Default  action 
is  to  omit  it. 

k.  Cracks  in  Earth  Cover  Over  Heel  -  The  presence  or  absence  of 
vertical  cracks  in  the  earth  cover  over  the  heel,  as  discussed  on 

page  S-9  of  EM  1110-2-2501,  will  be  controlled  by  the  user,  with  the 
following  options  that  will  be  effective  for  both  overturning  and  sliding 
stability  analyses: 

(1)  Option  1:  A  crack,  regardless  of  the  depth  of  cover, 
the  default  action  in  accordance  with  paragraph  S-15a 
on  page  S-18  of  EM  1110-2-2501.  This  will  preclude  the 
application  of  active  earth  pressure  at  the  heel,  with 
the  line  of  creep  starting  at  the  bottom  of  the  crack. 

(2)  Option  2:  No  crack,  regardless  of  the  depth  of  cover. 
This  will  cause  the  line  of  creep  to  start  at  the  ground 
surface.  This  is  the  option  used  in  the  calculations 

in  Exhibits,  H,  I,  and  J  and  is  the  default  option  for 
retaining  walls. 
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4.  APPLIED  PRESSURES 

4.1  GENERAL  BASIS  OF  EARTH  PRESSURES 

This  section  includes  the  determination  of  active  and  passive 
earth  pressures  which  are  obtained  from  limiting  conditions  of  equilib¬ 
rium  (failure  criteria).  Methods  for  approximating  at  rest  earth  pres¬ 
sures  are  also  included. 

4.2  EARTH  PRESSURE  APPLICATION  LOCATION 

Earth  pressures  will  be  calculated  along  vertical  planes  at  the 
ends  of  the  base  for  stability  determination  and  base  slab  design. 

Earth  pressures  for  stem  design  will  be  calculated  at  the  face  of  the 
stem. 

4.3  METHOD  OF  COMPUTATION  OF  EARTH  PRESSURES 

4.3.1  Active  Earth  Pressure  can  be  obtained  by  the  Coulomb  equation 

or  by  incremental  trial  wedge  analysis,  as  discussed  in  paragraph 
3.3.3h.  Exhibit  A  describes  the  methods  to  be  used  and  shows  a  compari¬ 
son  of  the  results  from  the  two  methods  for  nine  load  cases  representa¬ 
tive  of  a  wide  range  of  practical  problems.  The  user  can  select  either 
method  or  may  input  his  own  pressures.  The  default  method  is  by 
Coulomb's  equations. 

a.  Coulomb's  equation  for  the  fully  active  case  in  a  one-layer 
soil  is  shown  below.  Exhibit  A  shows  the  extension  to  a  multiple-layer 
system: 
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< 


where 


K  = 
a 


sin  (ct  +  it) 


sin  a  sin  (a  -  6)1+ 


/ sin  (<J>  + 

6) 

sin 

u  - 

B) 

<1  sin  (a  - 

4) 

sin 

(a  + 

P) 

=  derived  from  equation  3  or  page  2  of  EM  1110-2-2502,  with 
6  substituted  for  i  and  (90  -  u)  substituted  for  {-  . 


When  6  >  <j>  ,  the  slope  is  unstable  and  so  equivalent  values  of  K  are 

a 

unrealistic.  Data  that  include  a  backfill  slope  angle  f,  larger  than 
$  will  be  rejected  and  the  user  will  have  to  input  his  own  value  for 
or  use  the  incremental  trial  wedge  option. 

b.  The  Incremental  Trial  Wedge  Method  shown  in  Exhibit  A  must 
be  applied  with  care  to  a  multiple-layer  soil  system.  When  the  trial 
wedge  method  is  used  in  a  multiple-layer  soil  system,  more  accurate  (and 
more  costly)  results  are  obtained  from  using  a  failure  surface  with  dif¬ 
ferent  slopes  in  each  different  type  of  soil.  The  weighted  average 
single-plane  slope  used  in  Exhibit  A  costs  significantly  less  money  to 
execute  but  yields  forces  as  much  as  15  percent  lower  than  the  more 
accurate  values.  The  15  percent  value  is  for  an  extreme  case  where  the 
upper  half  of  the  backfill  is  sand  (<|>  =  45°,  y  =  120  pcf)  and  the  lower 
half  is  clay  ( <J>  =  0°,  c  =  300  psf,  y  =  120  pcf).  For  more  usual  sand 

;  values  near  35°,  the  error  is  about  10  percent.  The  program  will 
have  the  dual  capacity  of  single-plane  or  multiple-plane  analysis. 
Single-plane  analysis  will  be  used  for  design;  both  procedures  will  be 
available  for  analysis.  The  multiple-plane  analysis  procedure  used  in 
the  above  comparison  is  shown  in  Addendum  E  to  Exhibit  A. 

c.  Arching  Active  pressures  are  accounted  for  in  accordance 
with  paragraph  3g  of  EM  1110-2-2502.  The  program  will  provide  for  a 
"Correction  Factor  for  Moment  Arm"  (CFMA)  that  will  be  used  as  an  active- 
pressure  moment  multiplying  factor: 


M  =  active  force  *  moment  arm  *  CFMA 


This  will  act  to  increase  moment  but  not  horizontal  force  in  both 
stability  and  stress  analyses. 


4.3.2  Fully  Passive  Pressures  can  be  calculated  from  Coulomb's  equa¬ 
tion  for  homogeneous  soil: 


where 


K  = 
P 


sin  (a  ~  <j>) 


sin  a  sin  (a  +  <S) 


[i-JS 


sin 

u 

+  6) 

sin 

U  +  6) 

sin 

(a 

+  «) 

sin 

(a  +  P) 

=  derived  from  eauation  4  on  page  2  of  EM  1110-2-2502,  with 
B  substituted  for  i  and  (90  -  a)  substituted  for  P  . 


4.3.3  At_  Rest  Pressures  can  be  approximated  by  several  methods.  The 
at  rest  state  is  not  a  limiting  condition  and  is  not  subject  to  a  gen¬ 
eral  analytical  formulation.  Established  sources  for  at  rest  pressures 
include,  but  are  not  limited  to,  the  finite  element  method,  Jaky's 
equation,  and  as  described  in  paragraph  3d  on  page  3  of  EM  1110-2-2502. 
These  methods  are  described  briefly  in  Exhibit  D.  The  program  will  not 
calculate  at  rest  pressure  coefficients  as  such,  but  the  user  may  input 
his  own  horizontal  earth  pressure  coefficients  for  the  soil  layers  over 
the  heel,  to  be  used  instead  of  Coulomb's  active  earth  pressure  coeffi¬ 
cients.  It  will  be  assumed,  unless  overridden,  that  the  distribution  of 
at  rest  pressures  is  the  same  as  for  active  pressures. 

4.3.4  Force  Along  Soil-Stem  Interface  is  accounted  for  by  the  angle 
6  in  the  sketches  in  paragraphs  4.3.1a  and  4.3.2.  The  default  value 
for  6  ,  to  be  used  if  an  actual  value  has  not  been  determine  by  the 
user,  is  zero.  The  value  of  6  may  be  set  to  any  other  value  for  any 
load  case. 
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4.4  RESISTING  FORCE  DISCUSSION  FOR  OVERTURNING  AND  SLIDING 

4.4.1  Precaut ion  -  Passive  pressure  should  never  be  used  unless  con¬ 
struction  and  maintenance  of  the  backfill  over  the  toe  assure  its  effec¬ 
tiveness.  The  program  will  leave  this  decision  to  the  user,  providing 
for  separate  soil  layers  beyond  and  over  the  toe.  See  soil  layers  6 
.aid  7  in  Figure  3-1. 

4.4.2  Distribution  for  Overturning  Calculations  (see  Exhibit  K  for  a 
more  detailed  discussion): 

a.  Passive  pressure  distribution  options  for  overturning  analy¬ 
sis  of  walls  with  keys,  on  soil  or  rock  foundations,  are  shown  in  part  1 
of  Figure  4-1.  Option  "a"  in  the  figure  is  the  default  preferred  dis¬ 
tribution  for  floodwalls  (EM  1110-2-2501,  Plate  5).  Option  "c"  in  the 
figure  is  the  default  preferred  distribution  for  retaining  walls.  The 
pressure  values  have  no  arbitrary  upper  limit  since  separate  calcula¬ 
tions  for  sliding  account  for  passive  pressure  limiting  values.  If 
option  "e"  (strut)  is  selected,  then  all  of  the  horizontal  equilibrium 
force  will  be  taken  by  the  strut. 

b.  Walls  without  keys  (see  part  2  of  Figure  4-2),  founded  on 
either  soil  or  rock,  will  be  assumed  to  use  a  combined  horizontal 
equilibrant  force  to  resist  the  L'H  forces,  broken  into  two  parts: 

(1)  A  concentrated  force  along  the  base  of  the  wall,  as¬ 
sumed  to  be  mobilized  first  but  limited  to  a  maximum 
value  of 

N  tan  <f  +  ch 

where  N  is  the  total  net  force  normal  to  the  base. 

(2)  A  force  due  to  passive  pressure  distribution  as  de¬ 
scribed  for  walls  with  keys  in  paragraph  4.4.2a.  This 
force  will  be  assumed  to  be  mobilized  after  the  con¬ 
centrated  force  limit  is  reached  and  will  have  no 
arbitrary  upper  limit.  See  part  2  of  Figure  4-1. 

It  is  recognized  that  a  wall  without  a  key,  that  has  an  inclined  base 
as  shown  in  part  2  of  Figure  4-1,  falls  into  a  ’’gray  area"  of  design 
with  respect  to  overturning,  since  the  wall  could  behave  in  a  manner 
similar  to  a  wall  with  a  key.  If  the  user  should  have  a  wall  without 
a  key  but  with  a  sloping  base  and  want  the  wall  to  be  analyzed  with  Lhe 
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procedure  described  in  paragraph  4.4.2a  (walls  with  a  key),  an  input 
value  of  0.01  foot  for  the  key  length  will  cause  the  desired  action 
but  with  a  wall  that  essentially  has  no  key. 

4.4.  )  him i t ing  Val ue  for  Sliding  -  The  limiting  value  of  passive  pres¬ 
sure  for  the  sliding  analysis  may  be  selected  by  the  user  from  the  fol¬ 
lowing  options  (methods  a  and  b  supply  default  values  as  appropriate): 

a .  Fo  r  F l oodwa 1 1 s : 

Pp  tan’  (45  +  ^2)  +  2H  tan  (45  +  ^  )  c’ 

F,  from  equation's  4a  f,  4b 
on  p.  27,  with  paragraphs 
1-1 9e  on  p.  29 

b.  For  Retaining'  Wal Is  (KM  1110-2-2502,  paragraph  5c): 

Pp  <  'v  tan-  ^45  +  +  211  tan  ^45  +  ’ ,  ^  e 

Remember  the  warning  about  the  uncertainty  of  cohesion  given  in  the 
referenced  FM  paragraph. 

c.  A  I'se ^Supplied  Value  -  In  the  expressions  in  options  a 

and  b  above,  the  factor,  "tan" (45  +  ;'/2)"  will  be  replaced  by  Coulomb's 
Kp  as  shown  in  paragraph  4.3.2  (adjusted  for  multilayer  soil  system). 

4.4.4  Reduction  of  Excessive  Required  Passive  Pressure  from  sliding 
stability  is  not  possible  through  simple  increase  in  base  width,  so  the 
program  will,  in  the  design  mode,  increase  base  embedment,  base  slope, 
and/or  key  length  instead.  See  paragraph  5.3. 

4.4.5  An  Alternate  Res  ist  inj^  St  rut  Foret;  will  be  provided  as  an  option 
to  act  instead  of  passive  pressure  to  provide  horizontal  restraint. 

This  is  to  provide  for  structural  features,  such  as  channel  bottom  slabs, 
that  would  provide  positive  restraint.  This  is  illustrated  with 
NPPD  =  5  in  Figure  4-1. 


where 

:  '  -  tan  1  (tan  ; /FS) 

c’  =  e / ( FS  +  2c') 

where  and  e  are  test  values. 
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Passive  pressure  not  available  to 
resist  excess  force  above  friction 
limit  if  notions  b  or  d  are  used 
without  toe  cover. 


Frlc  t ion  limit: 
-Ntan$  +  Cl. 


diagram 
in  parts 
1  and  2 


Part  2.  Wall  Without  Key 


Descript  ion 


1  a  As  in  Plate  5  of  EM  1110-2-2501  (item  b)  (default 

_  _ _ distribution  for  floodwalls). _ _ _ _ _ _ 

2  b  Alternate  distribution  for  diagram  a,  when  toe 

cover  (Soil  layers  6  &  7)  is  assumed  ineffective.* 

1 _ _ c _  Default  distribution  to r  retaining  walls. _ 

4  d  Alternate  distribution  fajj  diagram  c,  when  toe 

_  cover  (Soil  layers  fe  &  7)  is  assumed  ineffective.* 

5  Strut  react  ton,  instead  of  passive  pressure. _ 

NOTE:  Option  e  in  diagrams  (strut  reaction)  will  cause  all  horizontal 

resistance  to  be  taken  by  strut  in  both  sliding  and  overturning  calculations 
*Do  not  use  passive  pressure  above  base  of  toe  unless  construction  and 
maintenance  of  backfill  will  assure  its  effectiveness. 


#  See  Figure  3-1 


Figure  4  -  1  . 
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4.5 


hydrostatic:  prf.ssurks 

Hydrostatic  pressures  will  he  applied  as  explained  in  paragraphs 


3.3.31  and  3.3.3k.  In  the  computation  of  1 i ne-of-c reep  pressures,  no 
creep  losses  are  included  along  the  portion  of  the  base  where  the  struc¬ 
ture  is  not  exerting  a  compressive  pressure  on  the  suhgrade,  except  on 
the  toe-side  face  of  the  key  when  tiiis  face  is  in  passive  contact  with 
the  suhgrade. 


4.6  Sl'RCHARCK  PRFSSIRFS 

4.6.1  Vertical  Pressures  on  the  base  will  be  computed  from  Boussinesq's 
equat ions : 


a.  The  expression  for  vertical  pressures  under  a  point  load 
(unit  slice  of  a  line  load)  is  integrated  from  equation  33.1  on  page  203 
of  Soil  Mechanics  in  (Engineering  Practice,  bv  Ter zagh i  and  Peck,  lohn 
Wilov  6  Sons,  1948: 
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wile  re 

p  =  vertical  pressure,  psf 
i '  =  po i n t  load ,  lb 

r  =  horizontal  component  of  distance  from  load  to  point 
/  -  vert  ical  component  of  distance  from  load  to  point 
h.  The  method  to  be  used  tor  computing,  vertical  pressures 
under  a  distributer!  load  is  shown  in  Figure  1 7—7  and  in  tin  text  between 
the  figure  and  the  end  of  paragraph  17.10  on  pages  25t<-203  ol  Soil 
Fnpineering  bv  v‘ .  ('.  Spangler,  International  "extbook  (  ompanv  ,  1 S 1  : 

” . . . Kuuat ion  17-  and  Fig.  17-4  mav  be  used  to  determine  the  unit  pres¬ 
sures  at  points  in  the  soil  which  arc  not  under  t he  center  ot  the  area 
over  which  a  uniform  load  is  at  plied.  The  influence  coefficient  for 
the  unit  pressure  under  point  0  due  to  l  lie  uniform  load  on  the  area 
B(  M  mav  he  obtained  from  the  roc  t I  i i  i etil  s  for  various  rectangles,  as 
follows:  Ff(  tangle  R<  F!  At  !  i  ’- A  Rpi  i-  PK  !  <  '•+ 1'1  H< ' .  Multiplvinp  the  re¬ 

sulting  i  oct  I  P  lent  bv  tin  uniform  load  on  the  net  ancle  Bell  gives  the 


unit  pressure  under  point  0." 
below: 


liquation  17-8  from  page  259  is  shown 


o 

7. 


P 


1 

u- 


V2  2  0 

A_  +__B  +  !!  __ 

9  2  2  2  2  2 

H~(A  +  B  +  H  )  +  A  B 


where 


2  2  2 

A_+  B_  +  2Jf 

2  2  9 

a  +  b  +  tr 


/  2  2 

2  \ 

•m 

. 

{  .  -1  2 A BP  ^ 

V  A  +  B  + 

H 

Isin  A  ' 

9~  "2 

2  2  i 

1 

\  H  (A^  + 

B“  +  H  )  + 

A  B f 

A,B  =  width  and  length  of  loaded  area 

H  =  vertical  distance  from  corner  of  rectangle  A  *  B  ,  down 
to  the  point  where  pressure  is  being  calculated 

p  =  uniformly  distributed  unit  load 

=  unit  pressure  at  depth  H 


Figure  17-7  from  page  261  is  shown  below: 


Fig.  17-7.  Poini  in  Soil  Eccrnlrii  to  Loaded  Area 


.  h  .  2  Horizontal  Pressures  will  be  computed  using  modified  f  irras  of 
tin  theorv  o>  elastiritv  equations  described  in  Addendum  B  to  Exhibit  A. 
these  pressures  \  ill  be  added  to  earth  pressures  computed  according  to 
ioulori  's  equations.  The  incremental  w <!>■<■  method  includes  all  sur- 
■  barges  in  : he  trial  wedge  cm  1 cul at  ions .  A  study  comparing  the  elastic- 
itv  enuat  ions  with  the  alternate  concept  of  using  Boussinesq's  equa¬ 
tions  tor  vertical  pressure  and  mu  1 t i pi v i up  hv  the  factor  K  is  shown 

n 

in  Exhibit  < ■ . 
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EFFECT  OF  SEEPAGE  PRESSURES  ON  EFFECTIVE  EARTH  UNIT  WEIGHT 


Seepage  pressures  tend  to  Increase  the  effective  unit  weight 
of  soil  when  the  seepage  flow  is  downward  through  the  soil  and  to  de¬ 
crease  the  effective  unit  weight  of  soil  when  the  seepage  flow  is  upward 
through  it.  The  program  will  calculate  the  effective  unit  weight  as 
follows : 

^  411 

yef  f  "  »b  +  T  7w 

for  the  wall  side  with  the  higher  water  elevation,  or 

AH 

yeff  'b  L  yw 

for  the  wall  side  with  the  lower  water  elevation,  where 

y,  =  buovant  unit  weight  of  soil 
b 

=  effective  unit  weight  of  soil 

Y  =  unit  weight  of  water 
w 

Ml/L  =  hydraulic  gradient  (reciprocal  of  creep  ratio) 

The  user  will  have  the  option  of  using  either  effective  unit  weight  or 
buoyant  soil  unit  weight  in  the  computation  of  active  and  passive  pres¬ 
sures.  Default  action  will  be  to  use  buoyant  soil  unit  weight  for  both 
active  and  passive  soil  zones. 


3.  OVERTURNING  STABILITY  . 

3.1  GENERAL 

3. 1. 1  Terminology  is  as  desc r i bed  in  paragraph  1-5  on  page  R  of 
EM  1110-2-2501. 

5.1.2  Stability  Requirements  are  grouped  into  sliding,  overturning, 
and  bearing.  Sliding  stability  is  considered  in  Section  b,  overturning 
in  Section  3,  and  bearing  in  Section  7  of  this  document. 

3.1.1  Horizontal  Pressures  are  calculated  as  described  in  Section  4. 
Actual  and  allowable  bearing  pressures  are  determined  as  described  in 
Section  7. 

3.2  ANALYSIS  PROCEDURE 

3.2.1  The  Moment  Center  is  taken  as  the  toe  end  of  the  bottom  of  the 
base . 

3.2.2  Force  Summations  in  the  horizontal  and  vertical  directions  will 
be  made  simultaneously  so  that  resisting  forces  can  be  included  when 
acting  along  a  sloping  base.  See  paragraph  4.4.2  and  Exhibit  K  for  a 
detailed  discussion. 

3.2.3  Moment  Summation  establishes  the  location  of  the  resultant  force, 
which  then  permits  calculation  of  the  earth  bearing  pressures  as  de¬ 
scribed  in  paragrapli  7.1.  Moments  due  to  active  earth  will  be  multiplied 
by  a  "Correction  Factor  for  Moment  Arm,"  to  shift  the  effective  loading 
upward  for  the  arching  active  cast’  as  discussed  in  paragraph  ig  of 

EM  1110-2-2302.  This  will  act  to  increase  moment  but  not  horizontal 
force . 

3.2.4  Sample'  Calculat  ions  are'  shown  in  Exhibit  K. 

3.3  DESIGN  PROCEDURE 

Tile'  design  criteria  and  options  are-  described  in  general  terms  in 
pa  ragrapli  3 .  3 .  3 . 

3.3.  L  Tilt;  Basie  Proj^r.irn  Procedure  for  both  sliding  and  overturning 
stability  can  be>  diagrammed  thus,  in  the  form  of  nested  FORTRAN  DO 
loops : 
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User  controls  too  length  parameter  manual  lv  or  sots  stem  ratio. 

Too  elevation  parainotor  is  incremented  bv  3- inch  units,  between 
limits  set  by  the  user. 

Base  slope  parameter  is  incremented  by  0. 1 -loot-vert i ca 1  or  1- 
f oot-hor izontal  units,  between  limits  set  by  the  user. 

Key  length  pa rami'  ter  is  incremented  by  3-inch  units,  between 
limits  set  by  the  user. 

Program  determines  minimum  base  width  (to  nearest  3-inch  unit) 
to  satisfy  resultant  ratio,  bearing  pressure,  sliding,  creep 
ratio,  and  heel  cover  requirements. 

[If  passive  pressure  from  sliding  stability  chock  is  too  high, 
go  to  next  key  length;  skip  cost  comparison. 

[Calculate  construction  cost;  save  design  if  cheaper  than  last 
saved  design. 

After  the  nested  loops  in  the  program  have  completed  searching  the  ranges 
of  possible  parameter  values  within  the  limits  set  by  the  user,  the 
design  that  yields  the  lowest  estimated  construction  cost  is  presented  to 
the  user  for  his  approval  or  revision. 

3.3.2  By  manipulating  the  limits,  or  nv  calling  for  just  an  analysis 
of  any  one  combination  of  toe  elevation,  base  slope,  key  length,  and 
base  width,  he  can  satisfy  himself  that  the  full-range  design  is  the  best 
one.  The  analysis  mode  reports  the  estimated  cost  along  witli  the  pres¬ 
sure  values  and  resultant  ratio. 

5.3.3  The  user  can  set  a  desired  value  for  any  parameter  by  setting 
both  the  upper  and  lower  limits  for  that  parameter  to  the  (one)  desired 
va 1 ue . 

3.3.4  Section  7  describes  how  the  program  determines  the  actual  and 
allowable  bearing  pressures  under  the  base. 

5.4  RESULTANT  RATIO 

3-4.1  lie i ini t ion  -  The  resultant  ratio  is  defined  as  being  the  ratio 

of  the  horizontal  distance  from  the  end  of  the  toe  to  the  point  of  inter¬ 
section  of  the  resultant  and  the  bottom  of  t  lie  base  to  the  horizontal 
base  width. 

3.4.2  Limiting  Values 

a . 


0.33  mini  mum  f or : 


(1)  Floodwalls  with  water  3  feet  below  the  top  of  the  stem 
(EM  1110-2-2301  Loading  No.  2). 

(2)  Retaining  walls  loaded  with  active  earth  pressure  and 
EM  1110-1-2101  Group  I  loads  (EM  1110-2-2502). 

b.  0.25  minimum,  recommended  for: 

(1)  Floodwalls  witli  water  to  the  top  of  the  stem  (EM  1110- 
2-2501  Loading  No.  1). 

(2)  Retaining  walls  with  at  rest  earth  pressure  on  the  stem 
or  maintenance  condition  loading.  This  is  interpreted 
to  mean  EM  1110-1-2101  Group  II  loads. 

c.  For  an  earthquake  loading  condition,  the  resultant  may  fall 
anywhere  within  the  base  provided  the  allowable  foundation  pressure  for 
tlie  earthquake  loading  condition  is  not  exceeded. 

5.4.3  Relationship  to  Percent  Effective  Area  -  The  relationship  is 
simplified  for  this  computer  program  by  the  consideration  of  only  unit 
slices  of  wall. 

a.  The  percent  effective  area  is  defined  as  simply  the  ratio 
of  base  area  in  compression  to  the  total  base  area,  times  100. 

b.  The  relationship  between  percent  effective  area  and  resultant 
ta.  it)  is  simple  for  the  case  of  a  rectangular  base: 

Percent 

Effective  Area  Resultant  Ratio 
100  0.5 

100  0.33 

75  0.25 

50  0.1667 

There  is  a  constant  ratio  of  300:1  between  the  values  calculated  from 
the  two  concepts  for  rectangular  bases  with  resultant  ratio  values  of 
0.33  or  less.  For  example,  75  :  300  =  0.25. 

c.  The  relationship  for  a  trapezoidal  base  is  more  complex  and 
is  not  as  meaningful  as  it  is  for  a  rectangular  base,  so  the  derivation 
is  not  shown  here. 

3.3  UPLIFT 

The  action  to  be  taken  in  the  computations  for  overturning 
stability  is  modified  if  the  resultant  force  falls  outside  the  kern. 
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These  changes  in  action  affect  uplift  and  bearing  pressure  computation, 
as  described  in  Exhibit  K. 
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6.  SLIDING 

6.1  AVAILABLE  METHODS  OF  ANALYSIS 

This  program  will  use-  any  of  the  following  four  methods  for 
determining  safety  against  sliding,  as  selected  by  the  user: 

6.1.1  Shear  Friction  Method  -  This  method  complies  with  guidance 
furnished  in  ETL  1110-2-184.  It  is  the  computer  program  default  method 
for  retaining  walls.  The  method  uses  the  passive  pressure  formula  as 
given  in  paragraph  4.4.3b  and  the  formulas  for  the  horizontal  components 
of  sliding  resistance  which  is  mobilized  along  the  assumed  failure  sur¬ 
face  beneath  the  base  of  the  wall,  as  given  in  paragraphs  6. 2. 1.1  and 

6. 2. 1.2.  Deficiencies  associated  with  this  method  are  discussed  in 
paragraph  6. 2. 1.4.  This  method  is  illustrated  in  Exhibit  H. 

6.1.2  Allowable  Strength  Equilibrium  Method  (I)  -  This  method  complies 
with  the  provisions  in  EM  1110-2-2501,  using  different  factors  of  safety 
on  tan  <j>  and  c  applied  to  the  driving  and  resisting  forces.  This 
method  is  the  computer  program  default  method  for  floodwalls.  The'  pas¬ 
sive  resisting  force  is  as  presented  in  paragraph  4.4.3a.  This  method 
is  illustrated  in  Exhibit  I. 

6.1.3  Allowable  Strength  Equilibrium  Method  (II)  -  This  method  is  the 
same  as  discussed  in  paragraph  6.1b  above  except  the  same  factor  of 
safety  is  used  on  tan  and  c  in  both  the  driving  and  resisting 
forces.  This  method  is  illustrated  in  Exhibit  J. 

6.1.4  Modified  Shear  Friction  Sliding  Method  -  This  method  is  presently 
incomplete  and  will  be  completed  upon  receipt  of  guidance  from  OCE. 

This  sliding  option,  which  will  be  based  on  a  shear  friction  approach, 
will  incorporate  solutions  to  the  deficiencies  cited  in  paragraph  6. 2. 1.4 
relating  to  the  formulations  presented  in  ETL  1110-2-184,  In  the  interim, 
this  option  will  be  provided  for  in  the  structure  of  the  computer  program 
but  not  actually  programmed. 

6.2  DISCUSSION  OF  ANALYSIS  METHODS 

The  first  three  methods  listed  in  paragraph  6.1  are  discussed  in 
more  detail  in  paragraphs  6.2.1  through  6.2.3. 

6.2.1  Shear  Friction  Method  (ETL  1110-2-184)  -  The  nomenclature  for 
Equations  6-1  and  6-2  is  given  below: 
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R  =  horizontal  sliding  resistance  which  can  be  mobilized 
along  the  critical  path  beneath  the  base  of  the  wall 

P  =  passive  resistance  of  the  earth  or  rock  wedge  adjacent 

^  to  the  wall 

EH  =  net  applied  horizontal  driving  force 

EV  =  summation  of  vertical  applied  forces  above  the  assumed 
sliding  plane  which  is  below  or  at  the  base  of  the  wall 

A  =  area  of  the  potential  failure  path  which  develops  the  unit 
shearing  strength.  (Any  portion  of  the  assumed  failure 
plane  at  the  base-foundation  interface  which  is  not  in  com¬ 
pression  should  be  exluded  from  "A."  However,  if  the 
assumed  failure  plane  is  not  at  the  base-foundation  inter¬ 
face  but  through  the  soil,  no  reduction  in  "A"  should  be 
made .  ) 

oi  =  angle  between  the  inclined  failure  path  and  a  horizontal 
datum  plane 

c  =  cohesive  strength  =  unit  stiearing  strength  at  zero  normal 
loading  along  the  potential  failure  path  beneath  the  base 
of  the  wall  =  test  ultimate 

$  =  angle  of  internal  friction  of  the  foundation  material  (test 
ultimate  'value,  degrees)  or,  where  applicable,  the  angle  of 
sliding  friction  of  the  wall  on  the  subgrade 

FS  =  factor  or  safety 

The  shear  friction  method  is  discussed  in  the  following  paragraphs. 

6. 2. 1.1  Resistance  Force  for  Uphill  Sliding  -  The  expression  for  "R" 
for  uphill  sliding  resistance  on  a  homogeneous  (soil  or  rock)  foundation 
material  is  taken  from  Equation  No.  1  in  ETL  1110-2-184.  The  angle  oj 
is  used  with  a  positive  sign  in  the  equation 


EV  I  tan  (<f  +  a) 


>] 


cA 


cos  m  (1  -  tan  <p  tan  ui) 


(6-1) 


See  Exhibit  B  for  derivation  of  Equation  6-1. 

6.2. 1.2  Resisting  Force  for  Downhill  Sliding  -  The  expression  for  "R" 
for  downhiLl  sliding  resistance  on  a  homogeneous  (soil  or  rock)  founda¬ 
tion  material  is  taken  from  Equation  No.  2  in  ETL  1110-2-184.  The  angle 
ut  is  used  with  a  positive  sign  in  the  equation 


R 


+ 


_ cA _ 

cos  ui  (1  +  tan  4>  tan  w) 


(6-2) 
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b.2.1.  i  Safety  Factor  -  Sliding  stability  can  be  evaluated  by  following 
the  shear  friction  formula 


R  +  P 

Ss-f  =  "'Tif2 

wliicii  relates  the  total  available  resistance  (R  +  P  )  to  the  net 

P 

applied  force  (PH)  which  tends  to  induce  sliding.  The  full  test  values 
of  p  and  c  are  used  in  these  calculations  so  that  the  forces  are 
evaluated  at  their  limiting  values.  This  is  the  default  method  for 
retaining  walls  and  is  illustrated  in  Exhibit  H.  Passive  pressure  of 
earth  is  calculated  using  the  formula  shown  in  paragraph  4.4.3b  or  a 
user-.uppl ied  value. 

6 .2.1. 4  Apparent  Deficiencies  in  ETL  1110-2-184  Shear  Friction  Formulas  - 
The  apparent  deficiencies  in  the  shear  friction  safety  factor  as  given 

in  ETL  1110-2-184  are  going  to  be  discussed  in  a  WES  Miscellaneous  Paper 
which  is  in  the  process  of  being  written.  These  deficiencies  are  sum- 
niari  ted  as  follows: 

a.  Any  normal  component  of  the  passive  pressure  to  the  plane  of 
assumed  sliding  is  not  considered  in  the  frictional  resistance  (N  tan  $) . 
This  deficiency  exists  only  when  considering  inclined  failure  planes. 

b.  The  safety  factor  in  ETL  1110-2-184  is  computed  for  an  in¬ 
clined  plane  using  horizontal  force  components.  In  reality,  the  safety 
factor  should  be  considered  In  a  direction  consistent  with  the  inclina¬ 
tion  of  the  failure  plane.  The  vectors  which  drive  and  resist  the  move¬ 
ment  of  the  structure  are  along  the  failure  plane;  therefore,  the  safety 
factor  should  be  the  ratio  of  the  resisting  to  driving  forces  in  the 
direction  of  the  inclined  plane. 

c.  The  frictional,  cohesive,  and  passive  resistances  are 
assumed  to  develop  at  the  same  rate.  In  reality,  these  resistances  do 
not  develop  at  the  same  rate.  It  will  :herefore  never  be  possible  to 
have  a  total  resistance  equal  to  the  sum  of  their  maximums. 

6. 2. 1.5  Passive  Resistance  of  the  Wedge  Adjacent  to  the  Wall  -  Passive 
resistance  of  soil  is  calculated  as  described  in  paragraph  4.4.3b. 
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A  theoretical  value  for  the  passive  resistance  offered  by  a  homogeneous 
rock  wedge  is 


P  =  N  tan  (<{)  +  w) 
P 


+ 


_ cA _ 

(cos  w)  (1  -  tan  <p  tan  w) 


(6-3) 


where 

w  =  effective  (submerged)  weight  of  the  rock  wedge  above  the 
inclined  plane  of  resistance  (plus  any  surcharge  loads) 

4  =  angle  of  internal  friction  or,  if  applicable,  the  angle 
of  sliding  friction 

w  =  angle  between  the  inclined  failure  plane  and  the  horizontal 
datum  plane  (for  earth  ai  =  45  -  <p/2  usually) 

c  =  unit  cohesion  along  the  failure  plane 

A  =  area  of  the  inclined  failure  plane  along  the  base  of  the 
wedge 

a.  This  simple  formulation  is  valid  for  only  a  homogeneous  foun¬ 
dation.  For  layered  foundations,  passive  resistance  will  be  calculated 
for  each  layer  and  superimposed.  However,  if  fissures,  seams,  cracks, 
etc.,  are  present,  the  user  can  have  the  program  determine  the  force 
required  to  resist  sliding  and  manually  evaluate  the  rock  subgrade  for 
its  ability  to  withstand  this  force.  See  paragraph  4.4.5. 

b.  Equation  6-3  above  for  passive  resistance  of  a  rock  wedge 
can  be  directly  transformed  into  .he  usual  Coulomb  equation  for  passive 
earth  pressure  by  introducing  assumptions  and  limitations  which  are  con¬ 
sistent  with  the  Coulomb  theory  (see  Exhibit  L  for  more  details). 

c.  When  the  presence  of  a  strut  is  indicated  by  the  input  data 
(item  in  NPPD  being  set  to  5,  see  Figure  4-1),  the  resisting  force  is 
calculated  as  being  equal  to  the  net  driving  force  multiplied  by  the 
input  minimum  safety  factor  (FSMIN)  against  sliding. 

6. 2. 1.6  Values  for  the  Minimum  Shear  Friction  Safety  Factor  -  Paragragh 
7b(3)  of  EM  1110-2-2502  suggests  a  value  of  1.5  for  walls  on  rock.  The 
minimum  shear  friction  safety  factor  for  a  seismic  load  case  should  be 
two  thirds  of  the  safety  factor  for  the  normal  load  case,  but  not  less 
than  1.15. 

6.2.2  Allowable  Strength  Equilibrium  Method  (I)  -  Paragraphs  1-16 


through  1-19  of  EM  1110-2-2501  describe  a  method  for  evaluating  safety 
against  sliding  for  floodwalls,  based  on  applying  a  user-selected  value 
of  factor  of  safety  on  the  tan  <j>  and  c  values  in  the  equation  for 
resisting  and  driving  forces.  Paragraph  S-15d  provides  an  additional 
description  and  allows  the  use  of  the  assumed  failure  surfaces  shown  in 
paragraph  6.3.1  of  this  document.  The  procedure' includes  the  following 
steps,  as  illustrated  in  Exhibit  I. 

a.  Assume  a  trial  value  of  factor  of  safety  FS  . 

b.  Calculate  the  allowable  values  for  cohesion  c'  and  fric¬ 
tion  <p'  from  Equations  4a  and  4b  in  paragraph  1-17  of  EM  1110-2-2501. 
They  are  formulated  as  follows: 


FS  +  2q 

where 

q  =  c'  (see  paragraph  l-19e  of  EM  1110-2-2501) 

c-  =  - £ - 

FS  +  2c' 

and  '  =  tan  1 

The  equation  for  c'  can  be  rearranged  to  read 

2 (c ' ) 2  +  FS(c')  -  c  =  0 

With  FS  positive,  this  equation  yields  one  positive  real  value  of  c' 
and  one  negative  value.  The  positive  one  is  used: 


c’ 


V FS2  +  8c 
4 


FS 


where  c  and  c'  are  in  tsf. 


c.  Calculate  K  and  K  from  d> '  , 

A  P 

d.  Sum  all  driving  forces  ZD  parallel  to  the  assumed  failure 

0) 

plane  below  the  base  of  the  wall.  ED  includes  the  net  hydrostatic 

ui 
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forces,  if  any,  acting  on  the  wall.  The  driving  force  contributed  by 
tiie  soil  is  calculated  as  a  function  of  c'  and  '  ,  but  the  effect 
is  neglected  if  its  value  is  negative  since  the  soil  cannot  pull  on 
the  structure. 

e.  Sum  the  resisting  forces  ZR  parallel  to  the  assumed  fail- 

OJ 

ure  plane  below  the  base  of  the  wall.  The  resisting  forces  consist  of 
passive  earth  forces  and  friction  and/or  cohesion  forces  developed  along 
the  assumed  failure  plane  below  the  base  of  the  wall.  ZR  is  formulated 

U) 

as  a  function  of  ij> '  and  c'  . 

f.  Two  equations  (ZD  and  ZR  )  then  exist,  each  of  which  can  be 

u>  u) 

solved  for  anv  assumed  safety  factor  FS  .  The  expression  ZD  -  ZR  =  0 

w  0) 

is  solved  by  an  iterative  procedure  wiLh  assumed  safety  factors.  The 
actual  safety  factor  for  the  structure  is  the  one  computed  where 
ZD  -  ZR  =  0  . 

Id  0J 

6.2.3  Allowable  Strength  Fquilibrium  Method  (II)  -  This  method  and  its 
procedure  are  identical  with  the  Allowable  Strength  Equilibrium  Method 
(I),  except  that  the  factor  of  safety  for  cohesion  FS^  is  taken  as 
being  equal  to  the  factor  of  safety  for  friction  FS  .  In  this  method, 


and 


6.3  DISCUSSIONS  COMMON  TO  ALL  SLIDING  METHODS 

6.3.1  Assumed  Failure  Surfaces  -  The  program  will  try  a  series  of 
failure  surfaces,  each  one  made  up  of  two  planes,  varying  between  the 
limiting  cases  shown  below  unless  the  user  exercises  his  option  of 
specifying  a  single  value  for  the  angle  u)  : 
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[ 


This  position  is  indicated  in 
program  by  KFLAG=0  in  the  input 
data . 


The 

is 

OCT 


situation  shown  above 
still  being  studied  by 
and  I.MVD. 


(The  angle  oj  is  defined  as  the  angle  from 
the  horizontal,  up  to  the  assumed  sliding 
failure  plane.) 


6.3.2  Effect  Due  to  Some  of  the  Base  Not  Being  in  Compression  With 
t  he  Foundat ion 

6 . 3 . 2 . 1  f^o  r  t  ion  of  Base  in  Compression  With  Foundation  (Percent  Effec¬ 
tive  Base)  -  The  total  base- foundat ion  interface  of  the  T  wall  may  not 
be  in  compression  with  the  foundation.  If  any  part  of  the  surface  under 
consideration  is  along  the  base-foundation  interface  and  is  not  in  con¬ 
tact  with  the  foundation,  this  portion  should  be  neglected  when  obtain¬ 
ing  the  effective  base  area  to  resist  sliding.  However  if  the  assumed 
failure  surface  is  not  along  the  base- f oundat ion  interface  but  through 
the  soil,  no  reduction  in  the  area  to  resist  sliding  is  made. 


1 
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Assumed  failure  plane 

When  the  resultant  lulls  outside  tin-  Kern,  a  port  ion  I  no  ni-i  oi  a 
1'  wall  will  not  be  in  compress  ion,  tiius  ere.it  in.  .1  ci.iif  wiiie:,  >  a:  n-n 
in  an  increase  in  uplift  pressures.  Ibis  condition  will  at  1 e.  1  tire 
sliding  stability  analysis  when  the  assumed  sliding  plan,  aits  alone 
the  soil-structure  interface  he  low  the  bas»  o:  tile  wall.  t lor  l : .  i  s 
condition  tile  program  will  have  to  recycle  back  throne  It  tin  1  i:n  -0;  - 
creep  calculations  until  the  creep  path  assumptions  mate  it  the  <  in.il 
part  of  the  base  that  is  in  contact  with  tin-  f emulation.)  ini  example, 
consider  a  wall  without  a  key  and  with  a  horizontal  base.  When  tin 
resultant  falls  outside  the  kern  and  the  assumed  sliding  plane  is  alone, 
the  interface  between  the  base  ot  the  structure  and  the  soil  lound.it  ion 
uplift  pressures  will  be  computed  assuming  no  creep  loss  for  the  portio 
of  the  foundation  not  in  compression.  for  the  condition  wlure  tin 
resultant  falls  outside  the  kern  but  the  assumed  sliding  plane  is  throu 
the  soil,  for  example  a  wall  with  a  key  positioned  at  the  extreme  end  <■ 
the  heel,  no  increase  in  uplift  pressure  will  he  considered  because  tiu 
soil  does  not  lift  and  form  a  crack  as  is  the  case  at  the  soil-structm 
interface.  Another  reason  the  uplift  forces  are  not  affected  for  this 
condition  is  because  they  are  forces  inside  the  so i 1 -st rue t urc  lr.-e  ins! 


and  lai.  :  .u  . 


not  a!t.,t  tin  overall  sliding  stability. 


i.  ....  i  i  o.  t  :  i.  i.  aits  ui  I'rii  t  ion  ;  and  Colies  i  on  c  to _ be  Used  in 

to.  .\nal.oi-,  -  lin  :  and  >  values  should  be  consistent  with  the 
\at.  rial  a.  in.'  suar.d.  A  plant  <>t  t  ai  lure  through  the  soil  should 
i-,e  tii.  ;  and  .  ol  tno  soil.  For  any  ol  the  failure  planes  along 
tin  '.I’il  — .tin.  tur.  interlace,  use  the  ;  and  c  lor  sliding  friction 
it  tu.  i  at  .  rim.. 


7.  BEARING  PRESSURES 

7.1  CALCULATION  OF  BEARING  PRESSURES 

Bearing  pressures  are  calculated  during  overturning  analysis 
from  the  vertical  resultant  (see  paragraph  5.2.2  for  summation  of  verti¬ 
cal  forces)  and  its  location  (see  paragraph  5.2.3  for  summation  of 
moments).  The  formulas  for  earth  bearing  pressure  are  different  for  a 
base  in  compression  over  its  entire  area  and  for  a  base  with  only  part  of 
its  area  in  compression. 

7.1.1  The  Procedure  is  to  first  calculate  the  minimum  pressure,  assuming 
that  the  entire  base  is  in  compression.  If  the  minimum  pressure  cal¬ 
culates  to  a  positive  value,  then  this  was  the  appropriate  assumption. 

If,  however,  the  minimum  pressure  calculates  to  a  negative  value,  then 
the  assumption  was  not  appropriate  and  the  pressures  must  be  recalculated 
with  the  assumption  that  only  part  of  the  base  is  in  compression. 

7.1.2  Entire  Base  in  Compression  -  The  formation  and  calculations  for 
obtaining  base  pressures  arc  straightforward  for  rectangular  or  trape¬ 
zoidal  bases;  use  f  =  (P^/A)  +  (Mc/I)  (no  biaxial  moment).  The  proper¬ 
ties  of  the  base  (A,  I,  c)  are  for  the  total  base. 

a.  For  a  unit  slice  of  a  rectangular  base,  the  formula  becomes 


the  familiar 

BASE 

PLAN 


P  P  ex  P  6P  e 


b.  For  a  trapezoidal  base,  the  formula  becomes  as  shown  in 
paragraph  C-l  of  Exhibit  C. 

7.1.3  Part  of  Base  in  Compression  -  The  calculation  of  bearing  pressure 
when  only  part  of  the  base  is  in  compression  is  a  two-step  process: 

First,  find  the  location  of  the  zero-pressure  edge  of  the  part  in 
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compression;  then,  calculate  the  maximum  pressure: 

a.  For  a  unit  slice  of  a  rectangular  base,  the  procelure  is 


known  location  of  resultant 
width  of  base  in  compression 


First,  locate  the  zero-pressure  point  as  being  at  d.,  =  3d^  ,  for  the 
triangular  distribution.  Then,  calculate  the  maximum  pressure 


f 


b.  For  a  trapezoidal  base,  the  procedure  is  summarized  below. 
The  general  figure  is  also  given  below  (resultant  outside  kern,  toward 
wide  end) : 


f 

1 1 

w 

r 


effective 


base  area  =  Y/ ///}, 

centroid  of  effective  base 

area 

position  where  resultant  of 
applied  loads  strikes  base 


the  procedure  is  as  follows: 

(1)  An  incremental  search  across  the  base  is  done  to  find 
t'ne  zero-pressure  point  and  the  corresponding  effective  base  width.  The 
corresponding  width  must  satisfy  the  expression 
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f 


1  v  M  (h  -  c) 
A  +  ”  I 


(2)  The  maximum  stress  is 


b(w"'  +  2w' ) 

where  w" '  is  computed  using  the  ef feet ive  base  width.  The  details  of 
tlie  procedure  are  given  in  paragraph  2  of  Exhibit  C. 

7.2  MAXIMUM  ALLOWABLE  BEARING  PRESSURES 

7.2.1  Selection  of  Maximum  Allowable  Pressure  -  The  determination  of 
criteria  for  selecting  allowable  hearing  pressures  is  beyond  the  scope  of 
this  document  and  of  the  computer  program  that  it  describes.  The  pro¬ 
cedure  in  the  program  is  based  on  linear  double  interpolation  between 
limiting  values  read  in  as  data. 

7.2.2  Data  Structure  -  The  wall  may  bear  on  one  or  more  of  the  existing 
soil  layers  (soils  layers  3,  4,  or  5  in  Figure  3-1).  There  will  be  four 
allowable  bearing  pressure  data  values  for  each  of  these  soil  layers,  as 
shown  in  the  tabulation  below: 


Soil 

At  Top 

of  Layer 

At  Bottom 

of  Layer 

Layer 

For  Narrowest 

For  Widest 

For  Narrowest 

For  Widest 

Number 

Base  Expected 

Base  Expected 

Base  Expected 

Base  Expected 

3 

psf 

psf 

psf 

psf 

4 

psf 

psf 

psf 

psf 

5 

psf 

psf 

psf 

psf 

The  "narrowest"  and  "widest"  base  widths  consistent  with  these  allowable 
bearing  pressure  values  will  also  be  input  data,  separately  from  any  data 
parameter  used  to  control  the  stability  analysis  action. 

7.2.3  Method  -  The  program  will  interpolate  linearly  between  the  top 
and  bottom  elevation  of  each  soil  layer  to  the  elevation  of  the  point 
being  checked  and  between  the  "narrowest  base"  and  the  "widest  base" 
values  to  the  actual  base  width  being  checked.  This  check  will  be  made 
at  the  highest  and  lowest  base  elevations  in  each  soil  laver. 
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S .  EARTHQUAKE  ANALYSIS 

5.1  INTRODUCTION 

Tilt;  seismic  coefficient  method  of  analysis  is  used  in  the  follow¬ 
ing  earthquake  force  computations: 

a.  The  earthquake — induced  inertial  forces  of  the  wall,  plus 
that  portion  of  the  adjacent  earth  and/or  water  which  is  assumed  to  act 
as  an  added  mass  with  the  wall,  is  computed  as  the  product  of  mass  times 
acceleration  (F  =  Ma) . 

b.  The  dynamic  horizontal  earth  pressure  magnitude  and  re¬ 
sulting  force  are  approximated  by  the  Mononobe-Okabe  method.* 

c.  The  hydrodynamic  force  is  obtained  by  Westergaard' s  theory. 

8.1.1  The  seismic  coefficient  represents  the  ratio  of  an  assumed  accel¬ 
eration  of  the  wall  to  the  acceleration  of  gravity.  The  earthquake 
forces  are  superimposed  onto  the  static  forces  for  the  loading  condition 
being  analyzed  for  an  earthquake  (usually  the  normal  operating  condition) 
in  order  to  obtain  the  total  loads  for  the  earthquake  loading  case.  A 
static  solution  is  then  performed  for  the  stability  analysis  and  struc¬ 
tural  design. 

8.1.2  Where  a  T  wall  is  used  as  part  of  a  dam,  and  where  failure  of 
the  wall  could  result  in  loss  of  life  or  extensive  property  damage,  then 
the  final  design  of  the  T  wall  should  be  in  accordance  with  ER  1110-2- 
1806. 

8.2  SELECTION  OF  SEISMIC  COEFFICIENT 

8.2.1  Values  for  the  seismic  coefficient  should  be  selected  carefully. 
The  most  important  consideration  is  the  proximity  of  the  structure  to 
known  earthquake  epicenters  and/or  faults  capable  of  generating  an  earth¬ 
quake.  Minimum  seismic  coefficient  values  for  various  sections  of  the 
Unites  s  can  be  found  in  the  seismic  zone  maps  of  Appendix  B  of 

ER  LllO-2-i  The  seismic  coefficient,  when  multiplied  by  the  accel¬ 

eration  of  gravity,  gives  the  bedrock  acceleration  (also  used  as 


Seed,  II.  B.  and  Whitman,  R.  V.  1970.  "rv>=ign  of  Earth  Retaining 
Structures  for  Dynamic  Loads,"  Proceedings,  ASCE  Specialty  Conference 

on  Lateral  St  reuses  in _ the  (Iround  and  Design  of  Earth  Retaining  St  ruc- 

tures ,  p  p  103-147. 
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structure  acceleration)  to  be  used  in  the  analysis. 

8.2.2  These  maps  can  be  used  as  a  guide,  in  the  absence  of  more 
accurate  data,  for  determining  the  peak  acceleration  that  should  be  used 
in  the  calculation  of  lateral  pressures  generated  by  earthquakes. 

8.2.3  Structures  that  are  in  Seismic  Zones  3  or  4,  and  which  will 
endanger  life  or  cause  substantial  property  damage  if  they  fail,  and  are 
on  soil  in  which  a  liquefaction  potential  exists,  should  be  analyzed  by 
dynamic  or  pseudodynamic  procedures  (ER  1110-2-1806).  Liquefaction  po¬ 
tential  for  a  material  is  defined  as  being  when  the  relative  density  of 
the  in-place  material  is  less  than  70  percent.  Embankments  constructed 
by  hydraulic  fill  methods  are  usually  found  to  be  susceptible  to  lique¬ 
faction. 

8.3  LOCAL  SOIL  CONDITIONS 

Soil  foundations  may  modify  the  intensity  of  structure  motions. 

A  practical  method  for  including  the  effects  of  soil  foundations  on 
structure  motions  is  to  vary  the  structure  acceleration  by  a  soil- 
structure-resonant  factor  of  1  to  1.5.  This  factor  depends  on  the  degree 
of  similarity  between  the  natural  period  of  vibration  of  the  retaining 
structure  and  the  natural  period  of  vibration  of  the  soil  foundation.  A 
review  of  anticipated  and  actual  damage  patterns  as  a  function  of  soil 
conditions  suggests  that  the  forces  and  damaging  effects  included  in 
different  types  of  structures  are  maximized  when  there  is  a  similarity 
in  the  natural  periods  of  the  structure  and  the  ground  on  which  it  rests. 
When  the  natural  period  of  vibration  is  not  properly  established  for  a 
soil  foundation,  the  seismic  coefficient  should  be  multiplied  by  1.5.* 

8.4  INERTIA  FORCE  OF  WALL 

The  inertia  force  of  the  wall  mass  is  computed  by  multiplying 
the  selected  seismic  coefficient  by  the  weight  of  the  wall.  It  is  ap¬ 
plied  at  the  center  of  gravity.  This  force  is  obtained  by  multiplying 
the  mass  by  acceleration  as  follows: 

F  =  ma  =  ma  (g/g)  =  (a/g)  W  =  a'W 


*  Uniform  Building  Code,  1976  Edition,  p.  135. 
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Also,  that  portion  of  the  backfill  above  the  heel  or  toe  of  the  wall 
which  is  not  included  as  ] art  of  the  Coulomb  wedge  is  included  as  an 
inertial  force  acting  at  its  centroid. 

8.5  LATERAL  COHESIONLESS  EARTH  PRESSURES  DUE  TO  EARTHQUAKES 

The  dynamic  earth  pressure  magnitude  is  approximated  by  the 
Mononobe-Okabe  method.  This  assumes  that  the  soil  developes  a  Coulomb 
wedge  behind  the  wall  and  that  the  ground  acceleration  is  uniform  within 
the  wedge.  The  effect  of  the  earthquake  motions  can  be  represented  by 
forces  k,  W  and  k^W  where  W  is  the  weight  of  the  sliding  wedge  and 
k^g  and  k^g  are  the  horizontal  and  vertical  components  of  the  earth¬ 
quake  acceleration  at  the  base  of  the  wall.  (See  Seed  and  Whitman.) 
8.5.1  Active  Earth  Pressure  Conditions  -  The  active  pressure  force 

due  to  an  earthquake  is  computed,  in  effect,  by  the  Coulomb  theory 
except  that  the  additional  inertia  forces  k^W  and  k^W  ,  as  shown  in 
Figure  8-1  are  included  in  the  computations.  Determining  the  critical 
sliding  surface  and  the  active  pressure  corresponding  to  thi  urface 
leads  to  the  equations  as  given  in  Figure-  8-1.  These  are  th  -mations 
used  to  compute  the  active  earth  pressure  in  this  prog  am. 

a.  The  influence  of  the  vertical  acceleration  coefficient  k 

v 

on  the  earth  pressure  coefficient  K  depends  on  the  corresponding 

3  6 

component  of  the  horizontal  acceleration  coefficient  k^  .  For  most 

earthquakes,  the  horizontal  components  are  considerabl>  greater  than  the 

vertical  components.  To  study  the  influence  of  k^  ,  the  vertical 

acceleration  coefficient  is  taken  as  2/3k^  .  For  a  value  of  k^  of 

0.1,  a  value  of  k  of  2/3k.  equal  to  0.067  can  cause  increases  or 
v  h 

decreases  in  K  of  about  2  percent.  For  a  value  of  k,  of  0.3,  a 

ae  h 

value  of  k  of  0.20  can  cause  increases  or  decreases  in  K  of  less 
v  ae 

than  5  percent.  From  this  it  seems  reasonable  to  conclude  that  the 
influence  of  k^  can  be  neglected  for  practical  purposes.  (See  Seed 
and  Whitman.)  Neglecting  k^  ,  the  expression  for  Pae  becomes 


=  (K  ) 


b.  For  applying  the  increased  earth  pressure  due  to  an 


earthquake  acceleration,  AP  is  computed  by  using  the  following 

ae 

expression : 


AP 

ae 


) 


where 


AK 


ae 


K 


ae 


K 

a 


and 


P  =  P  +  AP 
ae  a  ae 


where  P  is  the  total  active  static  force.  P  is  applied  at  1/3H 
a  a 

(see  Figure  8-1)  above  the  base  and  AP^  is  applied  at  2/3H  above 

the  base.  The  distribution  of  AP  is  assumed  to  varv  linearlv  from 

ae 

a  maximum  at  the  top  of  the  wall  to  zero  at  the  base.  This  is  important 
in  the  design  of  sections  along  the  structure. 


i> 

ae 


(1  -  kv)K 


ae 


win  re 


K 

ae 


cos  sin  i  sin  (  . 


810“  (  i  + 


-  0) 


1 - 

(:  + 

x )  sin  (f  -  f  - 

R) 

2 

/  sin 

Y  sin 

(■«  - 

A  -  0)  sin  (a  + 

t) 

=  horizontal  ground  acceleration 
k  =  vertical  ground  acceleration 
y  =  unit  weight  of  soil 
!■'  -  i ! ■  ’  t  of  vertical  plane  AB 

=  angle  of  friction  of  soil 

f>  =  B 
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|S  =  slope  of  ground  surface  behind  wall 
a  =  90  degrees 

c.  The  critical  sliding  surface  was  considered  as  in  Coulomb 

theory  and  the  active  pressure  corresponding  to  this  surface  leads  to 

the  expression  for  .  It  is  possible  to  simplify  the  mathematical 

calculation  for  K  such  that  it  can  be  obtained  directly  from 
ae  3 

Coulomb's  active  pressure  coefficient,  as  described  by  Seed  and  Whitman. 

d.  For  the  more  general  case,  the  variation  of  AK  with  a.  , 

ae  h 

shown  in  Figure  8-2,  depends  greatly  on  the  slope  angle  of  the  backfill 

U 

e.  The  wedge's  critical  sliding  surface  along  an  irregular 
backfill  will  be  approximated  by  a  single  line  or  a  continuous  series  of 
straight  lines,  as  the  user  decides.  The  increase  in  horizontal  earth 
pressure  due  to  the  earthquake  will  be  formulated  and  computed  by 
multiplying  the  mass  times  the  acceleration  for  the  various  triangular 
or  trapezoidally  shaped  earth  masses.  The  force  will  act  through  the 
centroid  of  the  mass  and  in  the  most  critical  direction  for  the  condi¬ 
tion  being  considered. 

8.5.2  Passive  Earth  Pressure  Conditions  -  The  increase  or  decrease  in 


Figure  8-1.  ACTIVE  WEDGE  DURING  EARTHQUAKE 
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Example  =  ^  =  O.lOg,  B  =  0.0,  0  =  30  ,  6  =  0.0  : 

AK  0.07  from  second  graph, 
ac 


Figure  8-2.  VARIATION  OF  DYNAMIC  EARTH  PRESSURE  COEFFICIENT  WITH  THI 
HORIZONTAL  GROUND  ACCELERATION  A, 


a  full v  passive  earth  pressure  due  to  an  earthquake  is  computed  as  follow 


/  P 

pe 


■> 


(AK 


I'e 


) 


'K  =  K  -  K 
pe  pe  p 


siiT 

( i  -  ; 

+  '•) 

OS  • 

•1 

•  sin*"  i 

sin  (  (  + 

+  ■<) 

1  -  V 

sin  ( ,'  - 
sin  (u  + 

')  sin  (j  + 

■  +  •)  sin  ( 

-  '-) 

.  +  r) 

where 

wiie  re 

K 

pe 

and 

K  =  static  passive  pressure  coefficient  for  the  fully  passive 
^  case  ( see  4  .  1  .  4  h  ) 

For  the  case  where  passive  earth  pressure  is  used  as  a  stabilizing  force, 
a  reduction  in  the  passive  earth  pressure  due  to  an  earthquake  accelera¬ 
tion  is  assumed  at  the  sane  instant  tile  fill  pressure  behind  the  struc¬ 


ture  is  increased.  if  a  reduction  in 


has  been  used  for  computing 


an  effective  K  for  tin-  static  case,  this  same  reduction  in  AK  is 
P  Pe 

used.  ’  I’  is  applied  at  J  /  i  I1  above  the  base.  The  pressure  distribu- 
Pe 

t  ion  of  P  is  the  same  as  assumed  for  the  active  earth  pressure 
pe 

rood i t ion . 

8 .  r> .  5  At  Rest  Earth  Pressure  Conditions  -  The  increase  in  an  at  rest 

earth  pressure  due  to  an  earthquake  is  approximated  by  the  Mononobe-Okabe 

method.  The  change  in  the  active  earth  pressure  coefficient  AK  is 

first  computed  as  described  in  paragraph  8.4.1,  and  then  multiplied  by 

the  ratio  K  /K  to  obtain  the  change  in  the  at  rest  earth  pressure 
r  <3 

The  change  in  at  rest  earth  pressure  is  then  com- 


coef  f 


nt  AK 


puted  as  follows: 


•  !’ 


.H 


(  -K  ) 
re 


Only  the  horizontal  component  oi  tin-  earthquake  acceleration  is  con- 


s idered  .  ' P 


is  applied  at  two  thirds  the  height  of  the  fill  above 


the  base.  The  pressure  distrihul  ion  ot  ‘P 
for  the  act  i ve  earth  pressure  condit  ion. 


is  the  same  as  assumed 
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8.6  LATERAL  COHESIVE  EARTH  PRESSURES  DUE  TO  EARTHQUAKES 

The  computation  of  the  dynamic  earth  pressure  for  cohesive  soils 
is  beyond  the  scope  of  this  computer  program.  A  nonlinear  finite  element 
analysis  to  account  for  inelastic  strains  in  the  soil  could  possibly  be 
used  for  critical  cases. 


8.7  WATER  PRESSURE  DUE  TO  EARTHQUAKES 

8.7.1  Method  -  If  the  backfill  over  the  toe  or  the  heel  is  saturated 
to  some  level,  the  dynamic  soil  force  should  be  determined  by  using  a 
combination  of  the  Mononobe-Okabe  and  Westergaard  theories.  When  water 
exists  on  both  sides  of  the  structure  for  the  loading  condition  being 
analyzed,  simultaneous  increases  and  decreases  in  water  pressure  on 
opposite  sides  of  the  structure  are  included  in  the  analysis.  To  include 
the  dynamic  effect  of  water  in  a  saturated  backfill  using  Westergaard 
theory,  the  computation  is  divided  into  two  parts.  For  that  part  of  the 
soil  below  the  saturation  line,  the  increase  of  the  force  from  the  earth 
pressure  is  computed  by  the  Mononobe-Okabe  method  using  the  buoyant  soil 
weight.  The  increase  of  the  force  due  to  the  water  in  the  backfill  is 
computed  by  the  Westergaard  theory,  and  100  percent  of  this  is  used  and 
applied  with  the  other  forces  as  shown  in  diagram  (5)  of  Figure  8-3.  If 
water  is  the  only  medium  which  acts  on  the  wall,  the  Westergaard  theory 
is  applicable  to  determine  the  pressure  and  its  distribution  on  the  wall. 

8.7.2  Westergaard  Theory  -  By  the  Westergaard  theory,  the  dynamic 
water  pressure  down  to  depth  y  below  the  surface  for  a  total  water 
depth  h  is  expressed  by  Equation  3  on  page  5  of  EM  1110-2-2200  as 


P 

e 


? 


2  _ 

-r  C  «y 
3  e 


vhy 


The  additional  moment  at  depth 

M 

e 


y  due  to  P 

e, 

4  2  rr — 

=  —  Ce«y  /hy 


is  given  by 


with 


2 

where  g  is  acceleration  of  gravity  (32.2  ft/sec  ). 
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L  Hydrodynamic 
water  force 
by  Westergaard 

'v  Distribution  and 
application  of 
earthquake  force 
contribution  by  the 
soil 

''Magnitude  of  earthquake 
force  contributed  by  the 
soil  (not  applied) .  This 
same  magnitude  is 
simplified  and  applied  as 
given  in  diagram  (4). 

tatic  water  pressure 


Static  earth  pressure  (buoyant  below 
water) 


Figure  8-3.  DYNAMIC  PRESSURE  VARIATIONS 
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9.  STRUCTURAL  DESIGN  CRITERIA 

9.1  GENERAL 

9.1.1  Critical  Sections  and  Alternate  Pressure  Diagrams  will  De¬ 
selected  as  described  in  paragraphs  1-12,  Chapter  1,  of  EM  1110-2-2501 
as  amended  by  Paragraph  S-21  of  the  March  1961  Supplement  to  EM  1110-2- 
2301,  unless  the  user  elects  to  use  the  overturning  stability  pressures 
exactly  as  calculated.  The  default  procedure  will  be  as  described  in 
EM  1110-2-2501.  All  wall  components  will  be  designed  for  flexure, 
shear,  and  deflection.  liie  heel  slab  sill  also  be  designed  for  these 
effects  plus  axial  tension  caused  by  passive  pressure  on  the  kev  (if 

the  key  is  under  the  heel).  The  stern  will  be  designed  for  flexure,  shear, 
and  deflection,  plus  the  axial  compression  caused  by  the  weight  of  con¬ 
crete.  Critical  sections  for  slu-ar  will  be  at  the  face  of  the  stem  in 
the  heel,  at  the  bottom  ot  tin  slab  in  tile  key,  at  a  distance  d  from 
the  face  of  stem  in  tin-  toe,  an  .it  a  distance  d  above  the  top  of  the 
slab  in  the  stem.  The  key  and/or  toe  should  be  cheeked  as  deep  beam 
brackets  if  they  are  short  enough  compared  to  their  thicknesses. 

9.1.2  The.  Method  of  Analysis  will  he  chosen  by  the  user  from  the  two 
options  of  Ultimate  Strength  Design  (USD)  or  Working  Stress  Design  (WSD) , 
both  in  accordance  witii  American  Concrete  Institute  Standard  No.  318-77 
(ACI  J  lei—  7  7)  with  notation  from  the  1971  edition  (ACI  318-71  with  1976 
Supplement).  This  standard  will  he  modified  by  the  requirements  of 

EM  1110-1-2101,  "Working  Stresses  for  Structural  Design,"  for  WSD. 

The  label  "hydraulic"  or  "nonhvdraul ic"  will  be  set  as  described  in 
paragraph  1.2. 3. 2  and  used  to  select  alternate  sets  of  default  values 
for  analysis  parameters.  These  values  may  be  changed  by  input  data. 

9. 1.2.1  Working  Stress  Design  procedures  to  be  used  will  be  in  accor¬ 
dance  with  the  "Alternate  Design  Method"  described  in  paragraph  8.10 

of  ACI  31t>-77.  The  equations  and  default  parameters  to  be  used  are  shown 
in  Exhibit  E. 

9. 1.2. 2  Ultimate  Strength  Design  equations  and  default  parameters  are 
shown  in  Exhibit  F  for  nonhvdraul ic  structures.  These  equation  and 
parameters  for  hydraulic  structures  will  be  issued  when  completed  and 
approved  by  OCE. 
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> .  2 .  riic-  program  is  to  be  organ  i  to  pet  mil  use  o!  load  tailors  in 
AC  1  Tltimatc  Strength  i»os  ign  (,1’Slt)  procedures,  nut  imp  Ieru-nt.it  ion  o! 
litis  will  l)o  [>os  t  pencil  until  utter  comp  1  u  t  i  on  <  >  I  current  t'esra  ri  it  in  1'Si) 
ot'  Iivdraul  ic  si  ructures  .  St.i'hililv  anal  vs  is  and  work  i  ng  siross  design 
will  bo  tor  l  bo  sumtnalion  ol  t  iu-  actual  loads. 

9.2  Rl  lNKOKClNi,  sn.i.l.  DKTAII.S 

1  1'no  Primary  Kef  enuice  is  Ci i. ip t <_•  t  7  ot  Al  l  Stamiaid  ilrf-71  with 
tho  197h  Sup  p  1  uniont  .  This  is  suppl  oinont  od  ana  amended  ii>r  hydraulic 
structures  by  KM  lllU-2-2103,  "Details  ot  Re  i  ill orccment--Hvdraul  ic 
Structures,"  whenever  the  LM  is  more  restrictive. 

9.2.2  Default  y/a  l  ues_  for  Cone  re U-  Clear  Uyver  over  reinforcing  steel 
will  be  according  to  the  following  table: 

Structure  'l'vpe 

Or d  i  itiirv  Ilvdrau  1  i  c  I  :ISK  j 


S  ton , 

heel-side  face 

) 

i  nciies 

3  inches 

Base , 

top  t  ace 

2 

i  aches 

3  inches 

Base , 

bottom  lace 

3 

i aches 

4  inches 

9.2.3  Comjtress  ive_  Re  i  nforcement  will  not  be  used,  for  two  reasons: 

a.  The  bar  cover  requirement,  especially  for  hvdruulic  struc¬ 
tures,  forces  any  compressive  reinforcement  so  close  to  the  neutral  axis 
that  it  is  very  inefficient. 

b.  Considet.it  ion  ol  the  implications  of  ACi  i  1 TS—  7 1  paragraph 
9.12.)  and  tin-  correspond  in;.;  Commentary  leads  to  the  belie!  that  lateral 
re i n I  <  Tcemen t  would  be  required  to  keep  compressive  re i n f orcemen t  from 
popping  out  of  tin.  surface  of  the  slab. 

9.2.4  Placement  ot  Ke i n fore i ng  Steel  -  The  user  will  have  specified  in 
the  input  data  the  maximum  bur  s i He  and  the  minimum  bar  spacing.  The 
program  will  check  whether  one  such  laver  will  be  sufficient  for  the 
required  area  ot  steel  per  foot.  If  not,  the  program  will  place  as  much 


9-2 


Mill  possible  in  the  1  i  i'M  (mitrr)  laver  and  the  remaining  steel  in 

tin  -,11'i'nd  laver  (.and  a  third  laver  ii  needed).  The  propram  will  then 
i  Meek  to  see  it  tile  resulting  aetual  effective  depth  d  is  sufficient. 

It  it  i~^  not  suit  icieiit,  the  program  will  increase  tiie  concrete  thickness 
as  Heeled.  Hie  user  will  alwavs  iiave  the  option  of  looping  back  through 
a  new  stability  analvsis  or  design.  I'he  program  will  not  attempt  to 
place  and  cut  oil  bars,  but  will  show  the  required  steel  area  and  bond 
requirements  per  toot  at  suitable  intervals  across  the  base  and  up  the 
s  t  e  n . 

9.3  STEM  LOAD  l  N't  IS 

9.1.1  General  -  Earth  and  other  pressures  for  stem  structural  analyses 
will  be  calcualted  as  described  in  Section  4,  applied  directly  to  the 
face  of  stem  as  described  in  paragraph  4.2.  Thus,  surcharges  located 
over  the  base  will  be  considered  to  be  vertical  loads  for  stability  analy¬ 
sis  but  will  be  considered  to  cause  horizontal  pressures  applicable  to 
stem  stress  analysis. 

9.  1.2  A 1 1 e r na t e  Load i ng  -  It  will  be  possible  for  the  user  to  substi¬ 
tute  his  own  stem  design  pressures  for  the  ones  calculated  by  the  pro¬ 
gram.  Such  a  substitution  will  not  change  the  pressures  used  for  design 
of  the  base  slabs. 
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EXHIBIT  A:  COMPARISON  OK  COULOMB  AND  INCREME.NTAF  WELK.E  I  ART II 
PRLSSl'KK  VA.'.U.S 

Th i s  exhibit  is  a  report  bv  Dr.  Michael  W.  O'Neill,  Assistant 
Prolessor  of  Civil  Engineering  at  the  University  of  Houston.  The  report 
presents  tile  calculation  procedures  he  will  use  in  a  subroutine  to 
calculate  active  earth  pressures  that  will  he  a  part  of  modules  SA  and 
SP  of  l'W'DA. 


Procedures  Followed 


I .  Coulomb  Active  Ear  th  Pressure  Diagram  and.  Total  Active  Force: 

A.  Following  the  procedure  described  in  Addendum  A  to  this 
Exhibit,  compute  the  active  Coulomb  earth  pressure  immediately  above  and 
immediately  below  each  change  of  stratum,  except  for  the  surface  stratum 
line  (for  which  calculations  are  not  made  above  the  line)  and  a  hori¬ 
zontal  line  drawn  through  the  base  ol  the  wall  (lor  which  calculations 
are  not  made  below  the  line). 

B.  Obtain  the  horizontal  component  of  tile  earth  pressure  by 
multiplying  each  earth  pressure  computed  in  Step  A  bv  the  cosine  of  tile 
angle  of  wall  friction  at  the  depth  at  which  the  calculations  are  being 
made  (Equation  2  ot  Addendum  A).  Add  hydrostatic  pressure  if  appropriate. 

C.  If  surcharge  loads  exist,  obtain  the  added  lateral  pressures 
due  only  to  the  surcharge  at  t  iie-  depths  described  in  Step  A  and  at 
intermediate  depths  where  required  by  a  high  stress  gradient  using  the 
equations  presented  in  Addendum  15.  Add  these  pressures  to  those  obtained 
in  Step  B  and  connect  the  points  to  give  a  continuous  pressure 

d is  trihut  ion . 

I).  Integrate  tin  horizontal  pressure  diagram  constructed  in 
Step  C  from  the  Lop  to  tile  base  of  tile  wall  to  obtain  the  total  active 
Coulomb  horizontal  wall  force  P  .  . 

II.  Tr_ial  Wedge  Active  Earth  Pressure  Diagram  and  Total  Active  Force: 
A.  Establish  several  nodes  along  the  wall.  Each  node  will  be  a 

point  for  which  the  active  force  acting  above  the  point  will  lie1  computed. 
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Five  equally  spaced  nodes  were  used  in  this  comparative  study. 

B.  For  vac. i  itli  node,  lay  oil  several  straight  lines  (rays)  at 
5-  to  Ill-degree  intervals  extending  to  the  ground  surface.  See  Ad¬ 
dendum  C.  Compute  the  active  force  on  the  wall  for  the  wedge  defined 
by  eacli  ray,  the  wall,  and  the  ground  surface,  including  the  weights  of 
all  surcharge  loads  between  the  wall  and  the  point  of  intersection  of 
the  ray  with  ground  surface,  using  the  method  shown  in  Addendum  C. 

C.  Select  the  active  force  for  Node  i  as  the  maximum  value  ob¬ 
tained  from  all  rays  through  Node  i.  Denote  the  horizontal  component 

P 

AH  i  i 

D.  Determine  the  inurement  of  active  force  acting  between  Nodes 

i  and  i-1  as  P , , .  -  P,llr„.  .  .  Divide  the  result  bv  the  vertical  dis- 

Alili  AH  1 1-1 

tance  between  Nodes  i  and  i-1.  The  resulting  pressure  is  the  average 
pressure  between  Nodes  i  and  i-1,  which  is  assumed  to  be  constant  be¬ 
tween  the  nodes.* 

E.  Obtain  the  total  active  horizontal  trial  wedge  wall  force 

P  by  integrating  the  pressui e  Jiarram  obtained  in  the  previous  steps 

from  the  top  of  the  wall  to  j  . 

D i sc  us s  i  cm  or  Comparisons 

For  Cases  1,  i,  and  b,  the  Coulomb  and  trial  wedge  procedures 
should  give  identical  results.  The  differences  obtained  in  the  pressure 
diagrams  and  total  horizontal  active  forces  are  due  to  minor  computa¬ 
tional  errors  in  the  graphical  procedure  for  obtaining  the  trial  wedge 
values  and  to  the  means  of  displaying  the  results  (i.e.,  step  functions 
for  trial  wedge  as  opposed  to  continuous  functions  for  Coulomb).  Bv 
increasing  Lite  number  of  nodes,  tile  trial  wedge  solutions  will  converge 
to  tile  Coulomb  solutions. 

For  Cases  2  and  7,  the  Coulomb  procedure  yields  higher  values  of 
active  pressure  primarily  due  to  the  method  of  handling  surcharge.  In 
the  trial  wedge  approach,  the  surcharge  weight  contributes  to  and  is 

*  Wu,  T.  ii.,  Soil  Mechanics,  1st  ed.,  Allvn  and  Bacon,  1966,  p  278. 


included  in  a  plastic  failure  model  (the  wedge).  In  the  Coulomb  analysis, 
the  pressures  due  to  the  backfill  are  computed  assuming  plastic  failure 
conditions,  but  the  surcharge  effects  utilize  elastic  theory  to  compute 
the  added  pressures  due  to  surcharge.  Combination  of  the  plastic  and 
elastic  methods  in  the  latter  case  produces  an  inconsistency  which  yields 
an  overestimate  of  the  lateral  stresses. 

For  Cases  4,  5  and  8  (and  for  Case  9  as  well),  use  of  the  Coulomb 
active  pressure  coefficients  in  a  •£  =  0  soil  (clay)  is  equivalent  to 
using  Rankine-Rosae  coefficients.  That  is,  the  Coulomb  equations  as  com¬ 
monly  employed  offer  no  advantage  over  the  Rankine  equations  for  use 
with  purely  cohesive  soil  and,  in  fact,  lead  to  an  inaccurate  estimate 
of  the  active  stresses  within  the  zone  of  purely  cohesive  soil.  When 
the  backfill  surface  is  horizontal.  Coulomb  active  pressures  in  the  clay 
are  too  high  (Cases  4  and  5),  and  when  the  backfill  surface  slopes  up¬ 
wards,  the  Coulomb  active  pressures  are  too  low.*  Further,  the  standard 
Coulomb  equation  for  active  pressure  coefficients  does  not  contain  a  pro¬ 
vision  for  specifying  wall  adhesion  as  a  function  of  soil  cohesion.  Only 
an  angle  of  soil-wall  friction  can  be  specified.  Thus,  not  only  are  the 
Coulomb  equations  inaccurate  for  pure  clays  (<f  =  0),  they  are  also  in¬ 
convenient  to  use  since  wall  adhesion  must  be  converted  to  an  equivalent 
angle  of  wall  friction,  a  process  for  which  few  criteria  exist. 

For  Case  9,  tin-  Coulomb  approach  is  quite  approximate  since  the 
act  i  v e  earth  pressure  equations  do  not  permit  modeling  of  a  broken  back- 
till  surface.  file  degree  ot  correlation  with  the  trial  wedge  approach 
is  dependent  on  tin-  engineer's  choice  of  tile  equivalent  backfill  slope, 

,i  lucror  obtainable  on i v  through  subjective  means. 


••.sen  ;  ,  the  Coulomb  and  Rankine  active  pressure  coefficients  are 

complex  numbers.  Ihe  value  used  in  computations  is  the  real  part  of 
that  number,  which  is  always  approximately  equal  to  unity  regardless  of 
the  slope  ot  the  suit  ace. 


Addendum  A 


Procedure  for  obtaining  Coulomb  active  earth  pressure  at  a  given  depth 
(Symbols  explained  on  following  sheet) 


1.  Compute: 


K.= 


5«  n  Si  r>  U  -  6)  H  T 

L  '  r\  (d-&)5tn (*+£') 


T 


. (0 


For  clay  backfill,  wall  adhesion  is  considered  by  using  a  value  of 
6  of  10°  and  j>  =  0.  For  this  special  case,  when  a  =  90°: 

I 

_ <_  _ _ 

Y\ot  ”  S»P  f  I  -Aj  l'..!' (6> 

I  'I  Sift  fao-8)  Sin  0  +p) J 

and  when  a  horizontal  backfill  exists  3  =  0,  so  that 


sin  (10  -s) 

NOTE:  The  above  coefficient  approximates  the  Rankine  value. 

NOTE :  The  properties  <t>  and  6  are  those  exactly  at  the  depth  under 
consideration . 

Compute  the  active  pressure  (horizontal  component) : 

Ph  =  [ft  "  2cYK<lJ  Cos  S  +  ^  . .(z'j 

NOTE:  Again,  c  and  A  are  the  propert ies  of  the  soil  and  interface 
exact lv  at  depth  under  consideration. 


Bowles,  .1.  F. .  ,  Foundation  Analysis  and  Design;  McGraw-Hill,  19(vS, 
p.  270. 

'Ibid,  p.  2SI 
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Addendum  B 


Lateral  earth  pressure  on  walls  using  theory  of  elasticity 


(1) 


To  the  lateral  pressures  calculated  from  the  use  of  the  Coulomb  equation 
the  following  lateral  pressures  are  added: 

CaKf.4*  Lirte  load 


^Bowles,  J.  E.,  Foundation  Analysis  and  Design,  McGraw-Hill,  1968, 
pp.  297-303. 


Addendum  C 


Active  force  for  one  wedge  (generic) 


EXAMPLE  COMPUTATIONS  FOR  NODE  i,  Ray  4 . 

(V)  ' 

W=  Block  A  +  vv«.v»V*fc*  of  plcck  B 

-tw/e^vdV-f  Bloct  c  +  q  +- CX4) 

Cohesion  (c.) 

C-  -  c,  4  +  **  J?t  -f  c3  J)s 

‘Buoyant  below  water  table, Heights  of  Blocks  (including  effects  of 
buoyancy)  denoted  by  W^,  Wg,  Wq. 


r p  ,  Wft  <f,z  4(Wb 4-  q)  &  +  +<j;XV)  4, 

A-  'A)  g  4  VVC  +  Q  +■  ^^4 

g-  AS'  t 

2, -testis 

Determination  of  Active  Force  for  Node  i,  Ray  4:^^ 


Lay  off  vectors  W  and  C,  whose  magnitude 
and  directions  are  known. 

Lay  off  Line  a,  which  is  the  vector  of 
the  lateral  soil  reaction  force 
against  the  wedge  (R) .  Only  its 
direction  is  known.  Head  is  at  tail 
of  C  vector. 

Lay  off  Line  b,  which  is  the  vector  of 
the  desired  active  force  (P  ) . 

Tail  is  at  head  of  W  vector. 

Intersection  of  a  and  b  defines  magni¬ 
tude  of  F„„. 


\ 


Compute  (horizontal  component  of  total  active  wall  force.  Node  i, 

Ray  4>  '  W  i5***5  +  h 

where  y  =  unit  weight  of  water. 

U) 


lBowles,  J.  E.,  Foundation  Analysis  and  Design,  McGraw-Hill,  1968, 
pp.  291-295  (Basic  Vector  Diagram  and  Mechanical  Procedures) 

? 

Terzaghi,  K.,  Theoretical  Soil  Mechanics,  Wiley,  1945,  pp.  95-99 
(Stratified  and  Cohesive  Backfill  Considerations). 


Pressure  comparisons 


Addendum  D 


CASES  STUDIED  H-  s  — |  vooo  <vf 
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Calculat ion  worksheets  for  Addendum  D: 


Cases  1,  2,  3 
Cases  4,  5 
Case  6 
Case  7 
Case  8 
C.ise  9 
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Addendum  F 


Errors  inherent  in  trial  wedge  method 

Planar  sliding  is  a  basic  premise  of  the  trial  wedge  method. 

In  a  homogenous  soil  system  planar  sliding  is  consistent  with  the 
failure  mode  assumed  in  other  methods  of  analysis,  such  as  the  Rankine 
and  Coulomb  methods,  and  is  essentially  correct.  In  a  stratified 
system  planar  sliding  can  be  assumed  to  occur  within  each  stratum, 
but  the  angle  of  failure  will  vary  depending  on  the  angle  of  internal 
friction  of  the  various  soils.  Hence,  the  overall  failure  surface 
will  be  piecewise  planar  and  not  fully  planar  in  the  sense  assumed 
in  the  trial  wedge  method.  See  Fig.  AF-1.  In  such  a  case  the 
maximum  active  force  obtained  from  a  trial  wedge  analysis  will  be 
slightly  less  than  true  maximum  active  force. 

In  order  to  evaluate  the  approximate  upper  limit  of  the  error, 
an  extreme  case  was  studied,  as  depicted  in  Fig.  AF-1.  A  wall  that 
is  completely  frictionless  is  backfilled  with  strata  of  clay  (i)>  =  0) 
anc[  sand  (variable  <{>)  of  equal  thickness.  The  total  active  force 
acting  on  the  wall  was  evaluated  from  the  Rankine  earth  pressure 
equation  (correct  solution)  and  from  the  trial  wedge  method  (approxi¬ 
mate  solution) .  The  apparent  maximum  error  observed  in  the  study 
was  15  percent. 

Since  the  problem  studied  represents  an  extreme  ''mismatch” 
between  backfill  materials,  the  error  for  most  practical  problems 
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encountered  should  be  less  than  that  reported  above.  Nonetheless, 
the  user  Is  cautioned  that  such  an  inherent  err^r  does  exist  in  using 
the  trial  wedge  method  in  stratified  soils. 

A  second  type  of  inherent  error  occurs  whenever  stiff  cohesive 
soil  overlies  cohesionless  soil,  the  trial  wedge  method  will  yield 
unconservative  results.  An  error  occurs  because  the  entire  wedge 
is  assumed  to  fail  as  a  block  in  the  trial  wedge  method,  so  the 
underlying  cohesionless  soil  cannot  fail  and  produce  active  forces 
until  the  weight  of  the  wedge  and  overlying  surcharge  is  sufficient 
to  cause  shearing  failure  in  the  clay.  In  a  physical  sense,  active 
forces  can  be  produced  in  the  cohesionless  soil  before  failure  of 
the  overlying  clay  occurs.  Information  relative  to  this  condition 
is  given  in  the  discussion  of  Example  No.  4, earlier  in  Exhibit  A. 
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Trial  wedge  failure  surface  (planar) 
Possible  true  failure  surface 


c  (Clay) 

$  (Sand) 

X. 

PAiiT 

PRANKINE 

L  EF 

30u  psf 

30  deg. 

120  pcf 

13120  lfe- 

1A000  lb. 

6 

30o  psf 

35  deg. 

120  pcf 

12337  lb. 

13625  lb. 

9 

3o0  psf 

AO  deg. 

120  pcf 

11715  lb. 

13305  lb. 

12 

300  psf 

A5  deg. 

120  pcf 

11060  lb. 

13030  lb. 

15 

Fig.  AF-1.  Inherent  Errors  Arising  from  Assumption  of  Planar  Sliding 
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XHI BIT  B 


DERIVATION  OF  EQUATIONS  FOR  SLIDING 


B-l 


Derivation  of  equations  for  uphill  sliding  as  given  in  ETL  1110—2—184. 
Note  that  the  horizontal  component  of  the  applied  loads  is  not  included  in 
the  derivation. 


V 


Vertical  Section  Through  Sliding  Mass  on  Sloping  Surface 
R 

Ths  safety  factor  S  ,  *  H 
s-r 

'..here  R  =  resisting  force  (It  is  applied  as  a  driving  force  in 
the  derivation  to  determine  its  value  when  it  is  just 

equal  to  the  horizontal  components  of  the  resisting  forces) 

H  =  driving  force 

Sun  Vertical  Forces: 

o  =  V  -  N  co3u>+  tA  sinco 
N 

Where  t  =  C+  K  tan  0 
then 

o  =  V  -  N  casco  +  cA  sinu>  +  N  sin  a)  tan  0 

o  =  V  —  N  (cos to  -  sinU  tan  p)  +  CA  sinio 

V  +  sA  sinco  (B-l) 

K  =  coso*  sinco  tan  0 

Sur  Horizontal  Forces  ’ 

o  =  R  -  N  sinco  -  cosco 
o  =  R  -  N  sinco  -  CA  cosco  -  N  cosco  tan  0 

-  R  -  N  (sinco  +  cosco  tan  0)  -CA  cosco 

R  -  C  A  COS cJ  (B_2) 

N  =  sinco  +  cosco  tan  0 

Equate  N  in  equations  B-l  and  B-2: 


B-2 


V  +  cA  sin  co _ 

cos cJ-  sincotan  0 


K  -  C  A  COS  U> _ 

smto+  coscj  ten  0 


Cut 


R  -  CA  costO 


-( 


V  +  ca  siniO 


■)« 


sin<o+  cosuitan  0\ 
costo-  smutan  0/ 


sincj+  ccs  to  tan  0 
cos£J-  siruJ  tan  0 


siny  + 

COScJ 


tan 


0 


cosfj 

CO  SCO 


sincj 

costo 


tan  0 


(B-3) 


by  identity 


tanu)+  tan6 
(1-tanoJ tan$)  ? 


tantJ-t-  tan  0 
1-tanu)  tan  0 


tan  (0  +£*J) 


Substituting  into  equation  B-3  we  ha^e 

R  -  CA  cos£J+  V  tan(0  +  t*J)  +CA  £j.ntA)tan(0  +  co) 

=  V(tan^0  +<*>})  +  cA(sincdtan(0  +  u)))  +ca  cosco 
=  V(tanf0  +t»J))  +■  cAjTsintdtan(0  +u))]  +  coscJJ 

by  identities 

tan  (0  +  <^) 


tan  0  +  tanO 
1-tan  0  tanu) 


since  tan  0 


sin-  v  and  similar  for  u»  ; 
cos  0 


(B-4) 


tan  (0  +<•} 


sin  d  +  sincj 

rvs-p  cos  <u 

1  _  sin  0  sintJ 

cos  0  cost*) 


B-3 


^•*7  • 


Get  common  denominator: 

cosUJ  sin6  4-  slnUJcoso 

_ cosQ  cosgj _ 

cos6  cosuJ-  sin6  sino) 
COSl)  cosuJ 

costOsinb  +  sinO)cos6 
cos^  cosUJ-  sino  sinUJj 

divide  by  cos  0  we  have  ' 


cosu) sin  0 

COS  0 

COS  0  COSUJ 
COS  0 


+  sinu)  £214 
_ cos  0 


sin  0  sincJ 
cos  0 


sinoJ+  coscJtan  0 
cosu)-  smU  tan  0 


multiply  by  sinco: 
sinus  tan  (0  +uj) 

add  cost): 

cosu)  +  sinu)  tan  (0  +to) 


sin  u>  +  cosoJsinu)  tan  0 
cosuJ-  si r.tJ  tan  0  5 

sin\j  +  coscJsinoJ  tan  0  +  ^ 

cosa)-  sincJtan  0  ’  *” 

?  2 
sin*6»J+  cosu)  sinu)  tan)  +  cos  6J  -  sjnuewjtw^ 

cosuJ-  sinu)  tan) 

sin^<j+  cos^co 
cosGJ  -  sinuJtan) 

_ 1 _ 

costa-  sinU)  tan)  ? 


substitute  into  equation  B-4  and  multiply  the  denominator  of 
by  cosu)  we  have: 
cosuJ 


v(tan/0  +  <*)))  +  9^ - \ 

(cosUcosoJ-  smu)  tan  0/ 


V(tan^+uJ^- 


cosUJ 


the  last  teru 


The  formula  tor  downhill  sliding  is  derived  in  a  similar  manner. 


B-4 


EXHIBIT  C 


EQUATIONS  FOR  EARTH  PRESSURE  UNDER  A  TRAPEZOIDAL  BASE 

CASE  1:  Resultant  Within  Kern 
CASE  2:  Resultant  Outside  Kern 


C-l 


\ 


C-/.  calculate  CAsG  /  (kccsultant  w/ta/h  xezN) 


C~/*Z.  S+ress  gq  (/^y/  ^  .-  Cy  +-  stou/n  ?£o, /Cjjeaer*/  ocf>ressj0fl) 

r  R  >  RU-i'Xil) 

C~  I.ZJ  Sites}  ?+  te/ertfici  enJ  4*je  - 


n  &  j.  R  (c  -*>')  c 

*  =  *„  ~ 

3  -*-  <3 

HoSe  -  /  ■£  b'  >  Cj  -t-Aefl  See^siJ  J-e  r/rl  Jt>eS  fltyot'r6 

/^«  y/X  stress  3  aiJ-rSt+S  1 stress. 


C-2 


c-  f  ,2.2.  5  freJS  ?+•  -frs  of  J>*SC  :  (yr  <r-8) 


K(c-t>')(  c-B) 


~T'f?C  SrfQ/xJ  'fer/rt  /&  ?  £***/}• 
/7<r??Hvc  s//fcc  £  y  C  ^ 


^  Or?  -  if  b/  C  j  +/>c/)  fde.  SeeortJ  fer*m  c&  2s>j>  e? 
S,3f)  W  +he  Perms  ir*l/J  tA///3j  L/f  -?l/t/Ss>f 

C-  >‘3  Mem  <C A  en A.  ; 


<*7'  32 f  fp*  Slii-es'S  ?bfAe  /S'  ? rr-iJ  es?  J  sS 

/?<?*?  9-trv& j  PA  ?/>  AAe  rest/Ma iP  /2  ats+sSJe 

fPc  A  crn J  AomrA  PA  C  Inr/d*  C/)J  f  b frj  e  if) 

"5/0 1/  //-  musb  6&  C}/cu/*SeJ  £  cc&r/iojjp  . 

A,.  32 f  fhc  s-fresj  vP-PAe  mjsde.  *aJ  /J 

PA«f)  -/Ac  bej  tssPwP  M  acbjjdc 
P~/>c  /cer'rij  •J'Ac  horspr*  Cflb  f'f&te  3_J) 

2nd  /b  rr> ufb  Je  . 

C*  Xf  -Ajc  Sfecuras  >+  t>*bb  **d*  pv&**j 
A-Jie?)  -Ape  **JiJp9fl-b  /S  Sfijjdc  J-J>e  Ac//) 

0/?e/  fpe.  M 9Jc  J  C-Xprcjjjcn  /&  u^/jd. 


C-3 


C-  / '4-  Check  sec.  if  wk/oj  ffic  kcfcreat*  erfiJ  l,  fje 
n?t,o*y  ertJ  L,#J  rejujf  <t,YS*rrf>Y  ; 


X*9*  if  <*,'  7aj  ^  yfc  ,^er<iu}feYf 

G(Z.Ou'+u;") 

c=  ~  ^  **~'' 

s.JL^k  (c-tO(± v) 

"  *3  *•> 


r  -  —  .*.  R  ( c~ k')  ( c  ? 
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~hwo  ey</9firti  ire  efutyf/eof. 
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ivic 
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ft 


“Ttl 
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EXHIBIT  D:  COMPUTATION  OF  AT  REST  EARTH  PRESSURE 


D-l  PRESSURE  CALCULATION 

D-l.l  Direct  Determination  of  Expected  Pressure  -  Two  of  the  more 
common  methods  available  for  the  direct  determination  of  horizontal 
at-rest  earth  pressure  are  described  below: 

a.  The  finite  element  method  can  be  used  to  predict  at- 
rest  earth  pressures.  It  accounts  for  multiple 
layer  soil  systems  and  for  irregular  backfill  and 
surcharges.  However,  it  is  beyond  the  scope  of  this 
program. 

b.  Boussinesq-type  elasticity  equations  can  be  used  to 
calculate  pr ‘ssures.  Manipulation  is  required  to  account 
for  sloping  backfill,  and  is  beyond  the  scope  of  this 
program. 

D-l. 2  Use  of  Horizontal  Earth  Pressure  Coefficients  -  There  are  several 
common  methods  available  for  determining  coefficients  (K^)  to  be  multiplied 
by  the  earth  weight  to  obtain  horizontal  pressure  due  to  a  level  backfill. 
Several  of  them  are  discussed  below: 

a.  Field  or  laboratory  tests  by  soils  engineers  can  yield  a 
suitable  value  for  Kr.  WES  Technical  Report  S-75-16 
discusses  various  methods  and  their  accuracy. 

b.  Approximate  coefficients  for  typical  soil  types  are  shown 
in  paragraph  3.d  on  page  3  of  EM  1110-2-2502.  These 
coefficients  are  valid  for  only  level  backfill.  The 
procedure  described  in  the  referenced  EM  paragraph  can  be 
used  to  get  a  coefficient  for  a  sloping  backfill,  but  the 
method  becomes  invalid  when  the  backfill  slope  angle  exceeds 
the  equivalent  angle  ($')  calculated  from  equation  6  on  page 
3  of  the  EM. 

(1)  For  an  average  sand  (K  =  0.5),  the  maximum  slope  is 
IV : 2 . 82H  (19.47122°)  for  this  method. 

(2)  For  an  average  clay  (K  =  0.85),  the  maximum  slope 
is  IV : 12 . 29H  (4 . 6507°) rf or  this  method. 

c.  Jaky ' s  equat ion 

=  l-sin({> 

can  be  used  for  cohesionless  soils  with  level  backfill.  See  WES 
TR  S-75-16  for  a  discussion  and  comparison  with  measured  values. 
It  has  been  suggested  that  Jaky’s  equation  can  be  modified 
to  approximately  account  for  sloping  backfills,  based  on 
the  similarity  between  the  numerators  of  the  Rankine  active 
earth  pressure  coefficient  for  level  and  sloping  backfill 
conditions.  This  can  be  demonstrated  as  shown  below: 


U-2  GRAPHIC  COMPARISON  OF  METHODS  -  Figure  D-l  shows  a  graphic 

comparison  of  several  methods  for  calculating  K^,  with  tp  varying  from  0°  to 
90°  and  6  varying  from  0°  to  80°. 


*  This  is  the  total  earth  pressure  coefficient,  not  its  horizontal  component. 


SMW0-2-ZSOJ. 


ANSLL  OF  INTERNAL  FRICTION  (Ft  / 

Figure  I)-l.  Graphical  comparisons 


EXHIBIT  E:  FORMULAS  FOR  WORKING  STRESS  DESIGN  OF  CANTILEVER  SLABS  WITH 
AXIAL  FORCE  (ACCORDING  TO  APPENDIX  B  OF  ACI  318-77) 


E-l  NOTATION  is  as  shown  in  ACI  318-71. 

E-2.  DEFAULT  VALUES 


item 

for  hydraulic  structures 

for  other  structures 

f  IV 

c  c 

0.35 

0.45 

f  max. 
s 

20000  psi 

20000  psi  for  grades  40  or 
24000  psi  for  grade  60  or 
higher 

n  *  E  /E 
s  c 

29000000  _  508.77  ~~~ 

508.77 

57000^7^"* 

E-3.1  BASIC  RELATIONSHIPS  (Reference  ACI  Publication  SP-3,  "Reinforced 
Concrete  Design  Handbook  for  Working  Stress  Method")  for  moment  and  axial 


steel  area  nAg  center  of  e>Jd 

gravity  of 
slab,  compres¬ 
sion  is  positive) 

a.  For  the  concrete  stress  f  to  be  at  its  maximum  allowable  value, 

c 


b.  The  equivalent  external  (applied)  moment  is  then  Ne,  which 
is  found  from 

Ne  =  N(£  +  d")  =  M  +  Nd”, 

N 

where  N  is  plus  for  axial  compression.  Manipulating  this  relationship^ 
and  the  ones  in  the  previous  paragraph,  to  get  H  out  of  the  denominator, 
yields 

Ne  =  Nd"  +  M  =  N(d~)  +  M  «  N(d - - — |V-r)  +  M  =  |  (d-cover)  +  M 

E-3.2  DESIGN 

E-3.2.1  Determining  minimum  slab  thickness 
Summing  moments  about  T  yields 
Ne  =  Cjd  -  fcbkjd2| 

or 

f  una21  _  Na  4.  m  N(cover) 
fcbkjd  2  '  2d  +  M - 2 

or 

(fcbkj)d2  -  Nd  -  (2M-N(cover) )  =0.0  (E-l) 

Solving  the  quadratic  equation  E-l  for  the  smaller  real,  positive  root 
will  yield  the  minimum  allowable  effective  depth  d.  Adding  the  cover  to 
Che  center  of  the  reinforcing  steel  yields  the  minimum  slab  thickness  for 
moment  at  that  location.  Note  that  the  effect  of  axial  tension  is  to  reduce 
the  compressive  stress  and  so  yield  a  smaller  value  for  minimum  slab  thickness. 
Such  reduction  must  be  applied  with  caution. 

E-3.2. 2  Determining  reinforcement  for  balanced  design  in  Sections  with 
minimum  effective  depth,  as  in  Equat ion  E -1 : 

Taking  moments  about  the  concrete  force  C,  using  the  relationships 
in  paragraph  E-3.1a  and  E-3.1b,  derive  an  expression  for  Ag  to  have  the 
steel  stressed  to  its  allowable  stress  simultaneously  with  the  extreme  fiber 
concrete  stress  reaching  its  allowable: 

N  (e-jd)  =  Tjd 
Ne  -  Njd  =  Tjd 
^(d-cover)  +  M  -  Njd  =  Tjd 


E-2 


(E-2) 


E-3.3.1  Concrete  stress : 


f  bkjd2 
c 

f cbkjd^ 


-  Nd  -  (2M  -  N(cover)) 

=  N(d-cover)  +  2M 

-cover  2 

X2  +  M  - ^ 

bkjd  bkjd 


0 


E-3.3.2  Steel  Stress: 

Substituting  the  basic  relationships  of  T  for  those  of  C 
in  equation  E-l : 


A  f  jd  = 

s  s 


fs  - 


M  +  N  (d 
M  ,  N  f~ 


A  jd 

SJ 


Asjd 


<2  “  J> - j — ) 

(3  -  j)  -  cover! 

2  J 


(E-A) 


(E-5) 


E-4 


E-4 .  SHEAR  (See  ACI  318-71,  paragraph  8.10.3) 

Allowable  stresses  will  be  555!  of  the  code  allowable  for 
ultimate  strength  design  given  in  ACI  318-71,  Chapter  11.  In  section 
11.4.4  of  ACI  318-71,  the  term  will  be  used  as  2.0  times  the  axial 
force  N  from  the  key. 


a.  Shear  stress  is  calculated  using  equation  11-3  from  ACI  318-71: 


V 

v  «  u 

u  - 

0  b  d 
w 

which  for  working  stress  design  rules,  becomes 


v  = 


V 

bd 


b.  The  allowable  stress  is  calculated  according  to  equation 
11-8  in  ACI  318-71  for  sections  with  axial  load  (tension  is  used  as 
negative) : 


v 

c 


2/1 


N 

u 

500  A 


which  is  ACI  318-71  paragraph  11.4.1  when  N  «  0. 

Equation  11-4  in  ACI  318-71  is  used  for  sections  without  axial  load: 


v  =  1.9-i/f'  +  2500  ^s  V  ,  but  not  over  3.5  f  ,  using  V  for  V 

C  C  b  d  M  c  u 

w  u 

and  M  for  M^  since  they  would  have  the  same  load  factor.  (In  equation  11-4, 
(Vud)  shall  not  exceed  Mu) . 

Both  values  of  are  multiplied  by  0.55  before  comparison  with  v. 

E-5 .  DEVELOPMENT  OF  REINFORCEMENT 

Development  of  reinforcement  (bond  strength)  shall  be  as  required 
in  ACI  318-71  Chapter  12,  except  that  computed  shear  V  shall  be  multiplied 
by  2.0  and  substituted  for  V^.  In  computing  M^ ,  the  quantity  (d-a/2)  may 
be  taken  as  0.85d.  Where  the  Ag  provided  is  more  than  twice  that  required, 
the  stress  may  be  considered  as  always  less  than  0.5f^  for  the  purpose  of 
satisfying  provisions  relating  to  splices.  Splices  will  not  be  calculated 
in  this  program,  but  the  information  is  presented  in  this  appendix  for 
completeness.  This  presentation  assumes  no  hooked  ends  except  in  keys. 


E-5 


Reinfoi cement  in  T-Wall  components  is  assumed  to  be  negative  moment  rein¬ 
forcement  as  considered  in  ACI  318-71  paragraph  12-3  on  page  43  of  the  code. 
Stirrups  will  not  be  used  in  this  program. 

Embedment  length  into  the  span  shall  be  as  required  by  ACI  318-71  paragraphs 
12.1.1  (hooks  shall  be  used  if  necessary)  and  12.1.4  (reinforcement  shall 
extend  beyond  the  point  at  which  it  is  no  longer  required  to  resist  flexure 
for  a  distance  equal  to  the  effective  depth  of  the  member  (d)  or  12  bar 
diameters,  except  at  ...  the  free  end  of  cantilevers. 

Flexural  reinforcement  shall  not  be  terminated  in  a  tension  zone  unless  one 
of  the  following  conditions  is  satisfied: 

1.  The  shear  at  the  cutoff  point  does  not  exceed  two-thirds  that 
permitted  . . . 

2.  For  #11  and  smaller  bars,  the  continuing  bars  provide  double  the 
area  required  for  flexure  at  the  cutoff  point  and  the  shear  does 
not  exceed  three-fourths  that  permitted. 

This  may  be  applicable  to  the  heel  slab  when  there  is  a  key  under  the  heel: 
At  least  one-third  of  the  total  reinforcement  provided  for  negative  moment 
at  the  support  shall  have  an  embedment  length  beyond  the  point  of  inflection 
not  less  than  the  effective  depth  d,  12  times  the  bar  diameter,  or  one- 
sixteenth  the  clear  span  (one-eighth  of  the  cantilever  span),  whichever 
is  greater. 

Development  length  in  inches  shall  be  the  product  of  the  basic  length  for 
#11  or  smaller  bars, 


times  one  or  more  of  the  appropriate  factors  listed  below: 

1.  Top  bars  (more  than  12"  or  concrete  below)  -  1.4  . 

2.  over  60000  psi  “  not  permitted. 

3.  Bars  modified  by  1.  or  2.  above,  and  spaced  laterally  at  least 
6  inches  on  center  “  0.8 

(1.4  X  0.8  -  1.12)  . 

4.  Bars  modified  by  1.  or  2.  above  and  in  excess  of  that  required 

A  (reg'd) 

_  __s _ 

As  (used) 

The  development  length  shall  not  be  less  than  twelve  inches,  but  not 

less  than  0.0004  d.  f  . 

b  y 


E-6 


EXHIBIT  F:  FORMULAS  FOR  ULTIMATE  STRENGTH  DESIGN  OF  NON- 
HYDRAULIC  STRUCTURES  WITH  CANTILEVER  SLABS  WITH  AXIAL 
FORCE  (ACCORDING  TO  ACI  STANDARD  NO.  318-77) 


F-l.  NOTATION  is  as  shown  in  Appendix  B  to  ACI  318-71. 
F-2.  DEFAULT  VALUES 


Item 


b.  Maximum  actual  fs  from 
normal  long-term  loading 


d.  Capacity  reduction  factors: 

flexure 
shear,  bond 

e.  Steel  area  limiting  reinforcement 

Ac  allowable  _ 

As  balanced 

f.  Maximum  ratio  0”^^  * 

fcbd 


Default  Value _ 

29000000 
not  applicable 

40000  psi 

0.9 

0.85 

ratio: 

(0.5  if  load  ■  use 
includes  earthquake) 

not  applicable  when 
h>^-(ACI  318-71 

Table  9.5(a)  ) 


g.  Minimum  ratio  fyAo  ** 

bd 

h.  Maximum  strain  £ 

i.  Stress  rectangle  magnitude 

j.  8  i  in  ACI  318-71  par.  10.2.7 

k.  Load  factors 

(1)  flexure 

shear  on  concrete 
bond  on  top  bars 
bond  on  other  bars 

(2)  Using  D»concrete  weight  +  water  weight 

v  *  applied  forces  vertical  +  earth  weight 

W  »  wind 

E  »  earthquake,  horizontal  or  vertical 
H  «  earth  horizontal  +  surcharge  horizontal 
F  «  seepage  horizontal  +  uplift 

Note  that  V  and  H  are  the  orthogonal  components 
of  the  ACI  Code  load  factor  group  called  L. 

*for  deflection  control,  based  on 
ACI  318-63,  par.  1507 
**ACI  318-71,  par.  10.5.1 


200.0 

0.003 
0 . 85f c 
0.85 


not  applicable 


(1)  1 . 4 (D+F)+l . 7 ( V+H )  except: 

a.  If  sign  of  D  is  oppo¬ 
site  to  H  or  F,  use 
0.9  for  D. 

b.  If  sign  of  V  is  oppo¬ 
site  to  H  or  F,  omitV  . 

(2)  With  wind  or  earthquake! 

a.  Add  ( 1 . 7VH-1 . 87E)  and 
use  additional  overall 
factor  of  0.75. 

b.  If  D+W+E  only!  0.9D+ 
1.3W+1.43E. 

c.  Use  bigger  of  a  or  b 
above . 


rev  Sep  78 


V- 1 


F-3 . 


FLEXURE 


The  internal  moment  la 

-  (Jud)  £  b  a  (0. 85f^)  J  for  concrete 

Where  a  =  Be  for  balanced  design,  and 

balanced  fyj  for  steel  (excluding  N) 


(F-4) 


M 


•  J..d 


$ 

F-3  .2 


(F-5) 


DESIGN 

F"3'2-1  Concrete  thickness  for  strength.  "  The  expression  for  minitw* 
effective  depth  "d"  in  derived  by  substituting  equations  F-l  through  F-3 
into  equation  F-4  and  solving  for  d,  as  shown  in  Addendum  A  to  Exhibit  F. 


f  (d,b,  8  P  ,  £c, 


N 


d") 


(F-6) 


To  account  for  the  R  factor  defined  in  paragraph  F-2e,  an  adjustment 
must  be  made  in  the  application  of  Equation  F-6.  This  adjustment  is 
described  in  the  following  discussion.  The  effective  depth  "d"  and  the 
reinforcing  steel  area  "As"  must  be  sufficient  to  resist  the  applied 
moment  and  axial  force.  However,  the  ACI  code  limits  the  allowable 
steel  area  to  a  fraction  "R"  of  the  steel  area  for  a  balanced  design. 

These  two  conditions  can  be  satisfied  either  by  determining  the  effective 
depth  for  an  increased  moment  equal  to  M^/R  or  by  going  into  equation 

F-6  with  an  "effective  width"  equal  to  b  times  R. 

F-3. 2. 2  Steel  reinforcement 

a.  The  area  of  steel  required  for  balanced  design,  with  the 
R  factor  added  to  get  the  maximum  reinforcement  allowed  is 
A 

3 _  r  5  _ 

<t>f 


r  6.  c 

d  -  _ b 

2 


N 

u 


(F— 7) 


which  will  be  strong  enough  because  R  was  included  when  equation  F-6  was  used, 
b.  Since  the  actual  value  of  d  will,  in  general,  be  greater 


than  the  theoretical  value,  the  full  A 

s 

is  based  on  (1)  calculating  a  from  the 


is  excessive.  The  actual  need 
concrete  strength  based  on 


actual  values  of  M 


N 


and  d,  and  then  (2)  using  this  actual  value  of 


a  instead  of  8,c.  in  equation  F-7: 
1  b 


( 1 )  Get  a : 


subs t i t u t ing 
and 


M  +  N  (d-h)  =  M  =  C(j  d)<f> 
u  u  ~2  us  u 

C  =  (0.85  f')  a  b 
c 


(j  d) 


to  get 


|~8<ifc  bl*l  a2  -  £.85^  b  d^  a  +  |mu  +  Nu  (d-h)J  -  0, 

using  the  absolute  value  of  and  as  +  for  compression.  Then  solve 

for  a  as  the  smaller  real,  positive  root  of  the  quadratic  equation. 


F-3 


(F-8) 


(2)  Get  A  : 

s 


A  = 
s 


M  +  N  (d  ~  7) 


4>f 


[d'fj 


N 

u 

" 


This  must  not  be  greater  than  the  value  from  equation  F- 7  or  the  value 
of  the  expression  in  paragraph  F-2f.  It  must  not  be  less  than  the 
value  of  the  expression  in  paragraph  F-2g. 

P-  3 .  3  ANALYSIS 

F-l.3.1  The  concrete  resisting  moment  in  flexure  can  be  calculated  us 

I  for  a : 


equation  F- a  with  equations  F-2  and  F-3, 

0,c 


"\is  (available)  ^ 


with  >•  calculated  using  equation  F-2 


using  18.  cl! 

B.ch  r  l1 
-  —>  L0-85  fc b  Bicb] 


' !  ng 


(F-9) 


F"  i- 3.2  The  steel  resisting  moment,  which  must  be  less  than  the  concrete 
resisting  moment  by  at  least  the  ratio  R  from  paragraph  F-2e,  can  be 
calculated  by  substituting  equation  F-l  into  equation  F-8,  using  the 
re ) at ionship 


Mus  (available)  “  <JUd)  (*f  A  +  V 


(F-10) 


F-4  SHEAR 

a.  The  actual  shear  stress  can  be  calculated  with  equation  11-3  from 
AC  I  318-71: 


♦M 


b.  The  allowable  shear  stress  is  calculated  from  equation  11-8  in 
ACI  318-71  for  sections  with  axial  load  (tension  is  entered  with  a 
negative  sign) ; 

■ 2  (1+A^ 

which  is  ACI  318-71  paragraph  11.4.1  when  Nu-0. 

Equation  11-4  in  ACI  318-71  is  used  for  sections  without  axial  load: 
L.9 


uc  ‘  1. 


+  2500  A®  ,  but  not  over  3.5 


(In  this  equation,  (Vud)  shall  not  exceed  H u-) 
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K-S  DEVELOPMENT  OK  REINFORCEMENT 

Development  of  reinforcement  is  the  same  as  for  Working  Stress  Design 
(Exhibit  fc,  par.  E- S)  ,  except  that  t  he  computed  shear  is  V  and  is  not 
multiplied  by  2 .  0 . 
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Addendum  A:  Derivation  of  Equation  for  d 
(liven  *  Oud)  ^  (b  3jc^)  (0 . 85  fc)J  <J> 


with  Cu  = 


dec 

‘c«y 

Ee 


d  e 


tc^s+^y 


£cKs+fy 


and  j  d 


.  ^cb 

2 

derive  equation  F-6: 


1.  Substitute  equation  F-3  into  equation  F-A  and  simplify: 
M  .  (d  BlCb)  b6,  c,  0 . 85f  *  <S 

US  - - r—  lb  C 


ddbB.c.  0 . 85f 1 
lb  c 


6,  c  2b  0 . 85f '  i 
1  b  c 


2M  -  *S2db8.  c,  0 . 85f '  -  6  A.2  b  0.85f'  «S 

us  lb  c  I  b  c 

2.  Substitute  equation  F-2  into  the  equation  above: 


2M 

-  42db8.  0.85  f' 

dcE 

2 

d  £  E 

us 

1  c 

c  s 

-  0.85f ’ 

c  s 

t  E  +f 

i  c 

£  E  +f 

c  s  y 

c  s  y 

2M 

2rfbB,  0. 85f '  £E 

,2 

2  ? 

2  2 

us 

_  1  CCS 

d 

rfbB,  0 . 85f  '  €  E 

d 

e  E  +f 

— 

1  CCS 

_ 

c  s  y 

(  E  E  +f  )2 

r 

c  s  y 

2M 

tfbB.  0.85f '  e  E 

I  2  ( t  E 

+f  )  -  B,  E  E 

2 

us 

.1  CCS 

L  c 

3  y  1  c  si  d 

( e  E  +f  ) ‘ 
c  s  y 

2M  (  e  E  +f  ) 2 
us  c  9  y 


^bB.  0 . 85f '  eE  f2(e  E  +f  )  -  8,  e  E  1 
1  ccsL  csy  1  c  sj 

bstitute  equation  ] 

-2 .  A  »„(d  -  ¥il 


y  i  c  ~sj 

3.  Substitute  equation  F-l  for  M  with  h  -  d+d": 


(  £  E  +f  ) 
csy 


us 

2 


rfbB.  0.85f '  EE  (*2(  c  E  +f  )  -  8  e  E  "I 
1  ccsL  csy  lcsj 


(F-A) 

(F-2) 

(F-3) 


F-6 


1 


[m 

Lu 


+  d  -  4N 

u 


.d 


(  c  E  +f  )  2 

CSV _ 


«SbB.  0 .  85f  1  t  E  f2(e  E  +f  )  -  B,  E  E  1 
1  ccs(_  csy  lcsj 


,  |M  -  >sN  d" I  (E  E  4-f  )2  2 
1  Lu _ u  J  c  s  y 


■] 


<rfb6,  0.85f '  €  E  2( £  E  +f  )  -  B,  £  E  |  d‘ 

1  ccsL  csy  Xcs 

N  (e  E  +f  )2 

u  c  s  y _ _ _ 

<SbB,  (0.85)f '  EE  f2(E  E  +f  )  -  B,  E  E  I 
1  c  c  s  1_  c  s  y  1  c  sj 


4.  Substituting  DDEN  _ 


«ib6,  (0.85)  f  '  EE  [2  (  E  E  +f  ) 
1  ccs.Lcsy 


8,  E  E 
1  c 


(e  E  +f  )' 
c  s  y 


J 


0  m  -  *5N  d"  I  2  N 

_  Lu  u  J  ;  u 

d 

0  [m  -  *5N  d" 1  2  N  d  DDEN  d 

_  L_u _ u  J  u  _ 


Dpfir 


1  *  DDEN 

.2 


5.  Change  signs  and  rearranged 

DDEN  d2  -  N  d  -  Tm  -  *5  N  d'1  =  0 
u  L  u  u  J 

6.  Solve  quadratic  for  roots  of  d. 

7.  Keep  the  smallest  real,  positive  root  as  the  value  of  d. 
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EXHIBIT  G:  COMPARISON  OF  liOI  SS  INKSQ  AND  BOWLES  SOI.L'T ION'S  FUk  PRESSURES 
ON  RETAINING  WALLS  DUE  TO  SURCHARGE  LOADS 


G-l  SOURCE  -  This  comparison  was  made  by  Dr.  W.  P.  Dawkins  on 

20  June  1977. 

G-2  USE  OF  BOUSSINESQ  THEORY-VERTICAL  P  TIMES  K  -  The  comparisons 

are  based  on  the  premise  that  horizontal  pressures  doe  to  surcharges  could 
be  obtained  by  multiplying  the  vertical  pressure  predicted  by  the  Boussinesq 
equation  bv  the  coefficient  of  active  earth  pressure.  The  Boussinesq 
solutions  are  given  by  Eqns  67,  page  87,  for  a  line  load,  and  Eqns  (r), 
page  '363  ,  for  a  point  load,  in  Theory  of  Elasticity  by  Timoshenko  and 
Goodier . 

0-3  USE  OF  BOWLES'  EQUATIONS  -  The  quations  for  the  Bowles  solution 

are  given  in  Fig.  1 1-20 (a) ,  page  336,  for  a  point  load,  and  in  Fig.  11-2! 
page  337,  for  a  line  load,  in  foundation  Analysis  and  Design,  second  edition 
by  Bowles. 

G-4  PRESSURES  -  Pro  -.  in  distributions  for  the  two  solutions  are 

shown  in  Figs.  (  -1  and  1  -  2 .  I  be  Boussinesq  solutions  are  plotted  for 

K  =  1.0.  Pressures  far  t  :  ■  Lit  load  r  ases  are  those  which  occur  at 
a 

points  on  the  wall  nearest  ■  the  point  load. 

G  —  3  RESULTANT  FORc. t  lie  i  r  points  of  action  on  the  wall  are 

shown  in  Fig.  0-3  for  ea.-h  .•>  tin  pressure  distributions.  For  the  point 
loads,  pre.j...  .res  are  assumed  to  he  constant  over  a  unit  length  ot  the  wall. 
C-6  COMPARISON  -  For  both  line  and  point  load  cases,  the  Bowles 

equations  give  larger  resultant  forces^ with  the  point  of  action  of  the 
resultant  being  higher  on  the  wall  than  the  Boussinesq  solutions  for  loads 
at  a  distance  greater  than  two  tenths  of  the  wall  height. 


ro 


Fig.  C-la  Line  Load 


kJp  (p°;n^ 


jL* 


>> 


0-1 


n'k* _ 

( ft* +»')** 


Boois-ftfj 


Bos*  /«s 


fr  Hr/p  (k<x=  >  bouss  tnesp) 


0.105  0.216 


For  1,0 


F  B owv/  le s  solution  Cons'fqrrl'  for  rn£.o>l+- 


Fig.  G-3  Resultants 


■suBjEC  T  EXHIBIT  H  computed  BY. 

SAMPLE  R.ET  A  l  M  l  KJ&  T07TLI_ 

SH&AE.  FE1CT10NJ  SUOlUfc  ADJL3S  checked  bt 


CALCULATE  HYDEOSTATIC  UPUFT  • 

KM  H*eJ  CAH)  -  IS-S  -  2-3  =  ^-S  FT 
CT-exp  p<x+li  Lie)  =  q.2  +  US  4-  MM  -V  S-T1 

4  IS  4-  3-0 

-  <1-2  4  us  4  is.  86  4  US  4  3-0 

^  3  I.  0  b  FT 


-  0-306  = 


<o.36»tsr 


0.t,S%GF\ 


~T~  «i 

WM2  K$F 


u*oe  of  cr«ep  -fov- 

PTC.SSUTCS  C*.XSU*vve  S  Uiv\\ft>r/Vvv  Josi  o-f 

i^.!l  ktxvol  Cc^OTWL  *ilX  C  JULp  p^tl, 
C-f\ro»vK.  Sur-^cccj-  dow:«-K  4"o  <Xiv-c| 

CvVo<w4.  |c-iWl  pi.OJftX  Ajv~4  .  r^-<c\c  4-d 
^ToU'v-d  SurPcvcO  US.1U6  opl  0<W  Cl) 
o-f  pcxrc^^rocpU  3-3-3  *■ 


H^rcMcJhc  pTtisuies  ’• 

P©  Uo-se.  o-f  Hvcc  =•  0-0625  (.10. S)  =  0. 6s  6  2S  ks-P 
Pi  =•  0,  6SS2.S  4  0-0  61S  cqa)  -  6,106  CA-2)  t0xO6lS)  «  1-0  SS3  ks- 
Pl.r  I-  o  S53  -  l-S  (.  d-lol,)  co.ofcis  )  -  linn  kM 
Pi--  un  -  C  0-0  61S)  L5-n)  -  (.0.306U  »S-8b)iO-o  62S)  »  0,U«K  lU 
P©  irouM  OV«F  -Voe  0-36A4  -  4-*SL0-oiis;- o-3ofcL4-S)co-o6 


*c s  worn*  ho. 
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SUBJECT  EXHIBIT  H 

COMPUTED  0V 

- S^ALttPLE.  A  I  W  1  K)  £>  U)  all 

STTE.AZ  FRICTION  SUDIU6  A  UAH  SIS 

CHECKED  BY 

ie&K 

UPUH  Forces.  : 

Ui  -  0-304-  ui-U  -  S-  ^  8  8  6.  t/fl- 

lij.  ~  U.OZT  -  0-3O4-HK.  BK 

ir)C(os^F°6)T  4-.53S  V-H 

>  21U  = 

Uj  -  U.on  -  0-  3ir]<V)C».S  )  - 

o.  ^/-f* 

it.  SS<U 

Vor  -  U  o  5Si  -  l.oO  )  U-S )  C  fi) 

=  0,0i|2  ty-f* 

, 

1 


EX  HI  SIT  H 

SXHPLE  RtTAlNtHfc  UJALL 


Symbol 


C, 


COMPu TED  BY 

E 

checked  by 

-J  c 5  +  2  0)U5-S  UO'IS  ) 

1-5  C  lb-  3  )  LO.IS) 

-y  (.  0.1  )  c  S-T)  LO.IS  ) 


tl.5H5.THo.IS) 


U>  t  8-T)  to. US) 

4-t2)[  U-)  ■)]  10‘12-S) 


*l4-o\/«- 


t  5  )  t  o.us)  CS'b) 


t  10. S  )  t  0.0  62S)  t  8  .  T  3  ) 

y  C  VO.S)[tlO.5)(-^|-)]t0.O6u: 


HOUS'D  CO.U5) 
-  -J-  to.Dts.i)  t  o.  US  ) 


C  +  WJe  ^  + 


0.65b  t  10.  S  )  t~fc  ) 

^1  b  U.05S1  -  O.bS  b  )  t  1.Z)  ti  ) 
H.  C  0.65b  11.1) 


o.  B  614  t  4'5)t-t) 


l-°Y1  j  0-U14  c 
2. 


[WC45--^) 
~l  10,T)(  8.  1)  [w  (45*-  -^y-*) 


v  rt,c  -  Ht  -  0^  v  H  h 
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u  ea  n 
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EKIlilT  H 

SAMPLE  RETAINING,  UJAll  ! 

S  H E-A 8,  FEICT1QU  SLIDING  AMALTSisj  ■»  '  “• _ j_^ _ ■-•■<-■-  -  & 

HP(.  -  2ek/k^  -  2 cl,  /4ecd  cas'-v  fyi)  ^  2  ic-nu^.s 

Hft  =  8  •  ^  ^  ^  k-v p  s. 

Hp^  =  -j  r  kp  -  -A  Y  A  Ycd  (.4s"+  4>h)  -  4 °62s  k+.sAY.'v^tas ‘h* 

H p^,  -  !,2  q  I  kips  I 

X  Hp  -  Z  Hpc  +  ZHf(?  <=  8.‘?<n  4  l  2<+|  =  10.2&8  k  l  p  s  ; 

THE  SHFA2  -  f 1 1  C  4  l  0/v\  SA-fd^  -f  r.  <_4or  c<  t  a-  s  4 

‘VS  Q-tVA/vv  ,,vs  ETL  \l\D-2-  18  4, 

0b4eM<*vo<l  4  <  \J  1  <1  (<vv<j.  tlx  feor  1  g  oa^Y'Y.  re  S  i  -i  Y  Av\ct 

CzRi  oL4a.,»vcJ  I  ro/v^  re  s  1  -fore  es  j 

+los<2  cdo^j.  Ax.  os  fried  p^cU,  (  plft^rve.  cr  to(*-U-,Awfri  o/h 
of  pl&A-xS  wild  oflebS.  tL.  itC^Y  f  2  1  i  i  4  A/VvCt.  4-0  stjdi'V'J) 
b  J  Ax  SU.'V'nA'nCx'Ii  Oaa  of  lo+ig  CWvY'Jt  SUrV;  l_x  locJ^  (.  2K  )  : 

•jto  it  o.^p t . -e A  d  At  s4rut4ur«.  i 

u-  ' 

Z.  b  =  24.^1  -  II.  55  +  2  -12-8  S3  8  ; 

Z  k  r  Z.V  0+10)  +•  _ _£_* _  4.  H . 


z  V  4  a/v,  c  4>  +  k)  )  +•  - A  -  ■* _  4  H  . 

C  o  S  VO  [  1  -  4  Aa~  <t>  ■  \  Aaa  u>]  I 

\2.8S5ft  w  Uo°  +  2l.ot°)  4  _ (.O-T)  US' 86)  _ i 

C  OS  21  '06°[l  -  +  Oaa.  2  0°  40/v,  2 1,  of,"]  ; 

+-10,288 


-  II.  i  ^  S  t  U8J6  +  io.288 
=  IS  .321  kips 
Z  H  -ft"0*''-  sit  -ejt'i  H  -  2. 

Tkec-r  -  4tic4io<v%  -fc-cAw  \  1 1/  4 A  oa^ 

Al  4c<4A  surfc^cju  oaa  skxxY  H-  z  : 

\  _  n  r~  1 


T>C  BjfCT 

EXHIBIT  H  '  r'M"1  ,tI’ Bv 

DA  Tf  | 

HLt  NO- 

S  S  HPLE 

U.  E-T  AININt  WALL 

SHE.AK. 

FtlCTtON  iLtOIIOG  AWACTSI3|  -.t  .tea. 

1 

DATE 

SHE  El  T  NO.  (j 

CALCULATE  HT  DUO  ST  A  T  I  C  UPUH  : 

WiU  HtcJ  l  IH)  =  IS.S  -3  -  3.  =  1-S 


Creep  poj4r  t  L  t 


JLtL 


U 


-  1-2  +  16.3  +  S-D  +  »-S  +  3-0 

=  35. n  ft. 

^,5 _  =  ozfefe  =■  K^clrauViC.  ‘j-re^i 


J  li  we  -  op  -  creep  f*e_-rko<l  -for  b^dro  iHreHf  ,  c 

pressures,  a- <.cu  **'-«.£.  u.kv,|-orft-^  Iocs.  o^.  po\e*cEi«A 
W»Ji  rkj.  crexp  p^t4>  (  prc*~  «prou»~<f 

Sur-fr^Le-  do^/rt  As  ^mat  slang  {&j lurx~  pbn<T  snd 

b tscV.  Hho  S'-i.r-fck.cj.  )  uilMb  opK'ow'tr)  o-f 

PAxt^aro-pk  i.j.i  k  , 

|  i 

1  \bY 


H^dros-VrJuc  PuiiOrii  : 

P  G  bOoSe  O-P  H,Cs  =  0-O(,2_S  L  10-5)  =-  0-  6  S  fe  2  s 

P,  -  0-  65b2S  +  0-0  bLS  11.1}  -  0,iJ6  tl.iUo.oiu)  r  1.0  183 
Pi=  1-0163  —  0.264  Cife.3;co-of,is)  =  O&CTl  "2> 


UfUFT  FORCES.  '• 

U,  -  (0.&07&l\ 6-i)  -  Z3.IS.fO 

[)i  -  (.0,5  )  L  16. i  )  l  0.  211)  -2-2081 


k/' 

t/'. 


2U  '  JS.3i>7 


EXHIBIT  H 

S  A  H  PUt  RETAIUlOt  10  ALL. 
HEAR,  r  R  \  C-T  l  0K3  SUOlKlfa  MiM-TS IS 


rke.  -forces  uol,  cl,  c  dlM_  clvt  elc  -fr.itup^ 

Su-v-fcu  e.  1  k  s  lOw  j  iLi-  re  s>  -forces  5  JlriVi<v-r  ■[ones 

£>.  VI  e  c  f  b-j  cVcc"^4$>  CA/c  O'-p&i^V  "foYCtc,  CCUY  fKClio  >-  Y  -Cc  p 
fcvt+i  ,  ix^~X  up  ^  i  U  "foYces  t  Vet4it*J<£.). 


UOkj  =•  C  O,  I2S  >  C  14.  ft  )  C  S>rl)  =  10,55 

-  co,  us)  i  o.q  )  cs.'-\ )  co.s  )  =  -  0,2  s 

10  >30 


ZCJ  - 


C  4  'JOe-v  4.  \0e2.  4-  liOo  +10,0-0 


-  H,3>2  4  MH  4-  2,I|  4  s.nq  4  10,36  -  IS.  3(ol7 

-  14.  32  kips 

-  4-  (ID.2)1  C  O.o  (>2S  )  (.  4aav1  14-5“+  Z^/t)) 

=  3-1S  l  2.04)  =r  £>63,  k|  PS 

-  2  (.0,4)00. 2.)/  w  L  4S°  +  2v/i) 
r  10,  J)  k  l  P  S 

=  Hp^  +  Hpc  =  6-6  3  +  20,3°!  -  2T.02  kips 

-  ZV>  4  C-A  +  Hp 

=-  /4  32.  4<wio°  +  o.n  c  i4>8  )  4  21.  oz 

-  .S .Z/2-  +  so, it  4  n-oi 

-  42.  S?4 


sltGUr  -fr->  cVi  0<vv  SOc^e^a  -^CvC-b)) 

L  -fo.1  VuY£  =  £ ,  (T  r- 

S.Sr-fCvCt  l)  * 


COMPUTED  BY: 


DATE 


FILE  NO. 


H-J  1 


™CT  EXHIBIT  H 

COMPuTLO  By 

DA T£.  j 

F  iLt  NO. 

StMAPLC  RETAm  ING  VOALL 

$  HEAP  friction  SuO  go  ANALYSIS 

checked  oy 

DATE 

SHE  f  T  NO. 

The  +o4«l  br^se -fou> jc\iy\  101 )  itsi4eyf4c.e  of  44\£  T-  oaU 
mc4  be  ,isj  Cofv\pre:iiotj  Lu.4b  fbe.  ^oukjdffiof./  If  c.tj^ 
pPiv-f  or  4be  Suv4k.ce  utjder-  Co^sider-of  io>j  *t  lou^ 

44e.  b^se-fouKjd^4-/u<j  iKikrfXce  Aud  *s  no4  iki  Coto-tacf 
Luff,  iVc  foutoA'-'-A  ion)  ^  fb'S  pov-Viotj  should  be  kien^eded 

PubeM  obtaiKiifsiq  4-K, s  effbcAiue  bcuse  ACe. A  4o  re-oicf 

sltd'Klq  .  Wovjeje.v  .  if  4be  A.scjw-sq  fco\uv-e.  Smv-fkce 
>S  wof  aIom^  -(-Ke  b^ce-  Co um^A'Ai o m  ngfev-fAce.  fud- 
fTt-ourf,  -fbe  So  i  |  ^  njc  ve.4 uic-lvokj  IM  -Vbc  A  CCA  +o 
r<2S\sA-  SliiiKi^  IS  rr,A<de. 

A  pov-Aiotsj  of  +be  of  a  T-uj^H  cuil[  *jot 

be  Ik]  Coiv. press/eg  Usher,  4-he  rcCmHritjf  fhlls  oufside 
+V\C  k  evg  -fkus  CreA-fifUp  A  cr/scf  uAicf  o,k/ 

vesulf  \g  Ag  igcveASe  ig  uphff  pressures. 

This  covudAiog  co ill  &f  f  eef  4-b,e.  slidm^  sfAbiWf-^ 

Ag^lysiS  wheel  4fe  ASSurvied  slidivj^  pUg<2.  dels  aIo»^ 

ffe  soil  -  sWucl-ufie  iN-WfAce  belouj  44x  A?as£. 
of  HsC.  vja(1  (for-  44  g  Ccvjddiog  fbe  prcqrArg 
Lull  I  IcADS  4<=  ve.  cycle  dbirooph  4  he.  lW£ 

of  creep  c A  t  cu  1  aIio>J s  um4iI  44, e  Creep  p«fk 
ftssuirffcKis  ►Wcf  4he  fiuAl  pArf  of  4he  Easc  44vrl  rs  /g  cog+Act- 
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S-‘'-Cr  EXH\8lT  H  computed., 

SAN\P\Jl  RETTMMING  WAUL. 

SHEAR  FRICTION  SUDivJG  ANALYSIS  checked  b. 


uj\i^  Vac.  -Cootj^hVio i  1  ].  For  erAivi  P'e  ,  Co *4 Under-  A  WaI| 
LoA'o  ud  A  !<ej  A.Kid  ojidk  A  Kon z.oksVaI  b^sej  uAeM  +k& 
resulWjd  Alls  oa'Vsiqc  d-ke  kervi  Avid  +ke.  Assumed  SlidiMj 
plAsie  is  4ke  lAt'rfAce.  kedi.je.eK)  4K>»  loAse  <if  4-ke. 

sWucdu,re.  Atsld  4ke  Soil  •AoucUd-tOkJ  ,  Uplifd*  presSuRfi.'S' 

unU  ke  compoAd  A-ssumxjp  No  Creep  U-ss  dor  Ae. 
PovVioki  of  -Ike  -CeuMrUd />>j  Mo-f  ik)  Co press i ok/. 
For  fke.  CovjdtTioM  wkere  dke  v-e.su  HaktI"  All  s  ours  ids 
4ke  k«.r,j  kad“  4he  Astute]  SkdiMA  plAue  is  dkroug  k  4ke 
Soil  ;  for  ejCAmple.  A  waII  w rfk  A  key  posidioued  Ad~  ~lke 
e.x4ve.*we  ei-jd  of  -Ike  keel  fsee  fijuure.  skou/w  be  louj)^ 
Mo  lucrefisc  i  M  up  I  iff  pressure  will  fce  CoNSiderecJ 
becAuse  4ke  Soil  does  Mod  I'kf  Avid  -Co  ru\  A-  crflcK  As 

IS  +ke  CAse  A"f  4fe  SOI  I  -  sdruc Are  iM-Wface  . 
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AwoAhev-  reASoKl  4V\e.  LL^hff  "fevcfis  (Xve.  wof  o^ffsc-decl 
■fov  'VV'os  c©kud,\rc*k}  is  bscAusc  +hei^  Qve  forces 
inside  4he  Soi  1  -  sWucfuve  -free.  bod^  Aud  fbe*-e{ov-e  ^ 
d  o  kjo4  oS  f  e  d-  +he  a\;evAl)  sfdiDj  s+a b, I ,-kj  . 

Tha  (f)  Aiod  C  yaIues  should  be  CorOsis+eKif  uii+h 

+he  mA^£v-|/)|  beit^  sWeA^ed  .  A  pl^Kje  of  failure. 
■fVNv'ouo.U  fhe.  so,  I  should  use  +he.  <$  a  Kid  C  of 
4ht  Soil.  For  AUu^  of  4Ke  fruluiRe  pl^toes  aIoki^ 
fhe  Soli  -  sfruaf Jive  /K)WvfAC£.  ^  use  +he  <£)  /rvcj  C  -fatl. 
Slidiw^  -TrtcdioO  A' t  +he  lufev'fece  . 
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COMPUTED  BY 

date 

SAHPLE  FLCiCDWALL 

SLIDING  ANALYSIS 

checkeo  BY 

date 

FILE  NO. 


SHE  6^  NO.  ^  I 


Passive  eauth  B-EMstamce  at  toe  of  ujall 


Hpw  -  t  +  Hfc  ^  Co$  i|*ofe 

=  [4-  Y*b  kp-  H2  4  ]  COS  al.04‘ 

=  £_L  (  o.  U5  -  0.0  615  )  kp  -  K5)  +  2  c.'  (.  A-5J/  kp  ]  cos  1L04 

=  o.sios  kf  4  8  .  a  c.'  /  kp 


Active  eabth  dimvimg  foR.ce  at  heel  of  ujall 


-  (  Ha  ^  -  ^Ac)  cos  2  Lot* 

4  U  h'’  cos  JliO  6  —  2  c  H  jr;  COS>  21. O^* 


=  'Y'l0,  U5 


2 

0,0  6  i  5  )  (Ca  •  19,2)  •  COS  21.0  t> 


—  7-C  ■  (9.  2)/k  A  •  COS  2I.0& 

2.4683t<A-  n.moc'  nr 


E  X 

H  1  B  1  T  I 

'  i 

i  AH  PLE 

f  LOOOWALL 

1  I 

1  , 

£  L  i  0  1  Ki  G 

A  M  A  LT  S  1  S 

_  1 .  -  !  •• 

MET  t 

\PPU  ED  FORCE 

TEMOIMG  TO  IK)  DUC 

Uj  =  4  Hfw  =  [  ZlU  •  <-e>sw  +ZH-  c'-A  4  Hfio 

=  [u-&S5&  •  cos  zi-ot  4  1  U.ilfe- 0,821-  3.1  n>  &  il.  o£*  +■ 
|j(0,l!S  -  o.c  6iS)-  b*  •  <•  2  c'  (  ‘)>2)/k7l  Sc*'  2  1.0*  *- 

^  l  0.  US  -  O.o  6  2S  )-Ff  •  l  4-S)1  4  2-  C'-C  4-S>7  k>"  }  •  Si<w  21.04  *]  •  + 

IS-86C  4  0.5  4  05  k,.  4  8-311 -c'/^ 

=  £  i  4 .  8  +  0. 1Sosk*-6.MZ  cJVk  -  o.  22  T  <-  kp  -  3-2.244  0  -  ^  *-  <t>'  + 

is- 8 s c  4  0-S40S  kp  4  8-311- c/Tf 

EQUILIBRIUM  OF  APPLIED  AMD  REACTION  FORCES 


COWSTt»£  Rl  Mfe  THAI.  F  A  1 L  l>  R  C  SURFACE  j 

With  [z-  Pio  -  c  FS,  PS  4  zc' )  aud  z: Ew  =  -f*  c  fs,  f s  4  ic' )] , 
Tbe  ft^UiLi  B.B.IUH  TeLafk  Ofvvik.p  [  Z  Du>  -  ^Ku>J  becomes 
[  f  CFS,  FS  4  zc';  =  -fj  (  FS,  F  S  4  Zc')]  wiici  Ccv.a^  be 
Jf  rojvv  £  po  S  a  4  Jfo  V«C^cA[-£(lFS,FS4  2c')--fJtFS,FS4Zc';  =  °] 

Tie.  c onwpu^ cv'V i  o<v\  o|  FS  ir^vo^ves  soQuia^  a  A  «  fcyptessic 
Z  Dy  -  Z  =  o 

(.  FS,  FS  4  zc'  )  -^CFS,F5  4  2t/>  =  O 

kUr^ii/e  procedure.,  ^-ttker  |r<xpic  ccviil ..  cbj  bcvwb 
or  cxaxCv^j^;cc-W^  C  0<w  tkiL  C  O/Vv^puier  )  ■  tW  p?om4u|'J l 
i».' cA uci> s  u)  r^ssu^iAv^  <x  i-FT  C'-S.  \/<due  o-f  FS  ,  , 
c.z)  C«-t  c  i'w^.  <eJU.  oujcv-trbc  l/wlifs  o-f  (f>  c.  3 

13)  Cel  c  u  Lzcf  I'v^  l<  a  Cw~t 4  k  p  |  T  Oovv  cf>  1  (.4)  Sui- S  ^  i  ^  Cv'Vi 

C  /  k  A  -  <\aW  kp  o  51  Cva~<4  21  Pio  ,  Cc<w^  C  5  )  Citier 

pVuWt'V'J  21  Dui  -*  \\  t  F  S,  FS  4Z  c'J  <V^  rEw<-  f.  (.FS,  FS4  zc' )-fb  V 
t*e.  poi"-4  o-f  iiwd  tlr  S  e  c  \ \c><v\  or  for  FS 


Af*\  of  tFe  c^toovft  pro  C£  dur*  ;  s  c^s 

-f-  o  fit  o  lO  £.  ! 


( p '  - 


W  4> 

F  S> 


FS^I- 


uolere  «  20* 

ujl  ere  ^  «■  c 

c  -=•  o.3s  4.s-f 


TKe  pos.livs.  v/c^Ue  of  c/  is 

=  i  FS2  f  R  -  FS 
4 

For  FS,  =■  \ 


ml  ere  C  <w^  c  ;  s 
a\v  \  s  f 


WH  j 


=■  2  0 


0^4  8C0-3S)  -i 

~ 


-  0,2  3  13^  -is -f 

or  o-  414 6£  ksf 


4a/w  <p'  *  zt>°  -  o.  3  63<n 

kA  -  4-Oa^  (  4S  °~  ^4)  =  (45*-  2o’/z)  =  o.  4So2cf 

kp  -  Wll4S*+  ^/i)  -  (  45*  4  2oVe)  =  2,o3  1  6| 

/  2-03461  -  I.428IS 

Ha  -  2-4683  kA  -  n-moc'/k 

=  U 21018  -  S-  40420  =  -4,50  l  (WAjQjici  if- 

:Du  -  6  -  0  8  +  2-46  83  kA  -  n.  n  I  0  c'/kT  -  6.08  4  Ha„, 


•  ES  *OBM  NO 
BfV  OCT  I960 


-5 
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C  [l4>33&  -V  0,  SS  05  k*  -  6-6  12  c'fV*  -  0,22<U  kF 

-3.2-3  4-11  cV  J  -  3.62 


Hlr  =  is.  8  6  C  '  -  1>s  3 


’  6.510S  tp  -  l>zo 

Hp  =-  8.3  11  cf* 7~  =  5.6^ 


Hej,  +  K(lc  +  HP.  +  Hpc  ^  18-04- 


Zlu  -  21Dw 


18. 04.  _  6-  og  “  II-  9  i 


(XSSUAv^i^^  -foc-Ws  Oam^  Cc-Vc.ut<d 

^  -zDvo  iwViQ  ■‘Wir  <Ji  ft zr^'-ca  is  (  iU  . 

i  S  tIa  £a%  ir^x  -&  ^  La  y  ^  t  be  v  V3* 

cUmV  (N-^  ^ovu-S  -F^-laaJ.  4t>  +ke  r?  s . 3 1 

C«-S.  CXa-4  -pCFc.'to'r  okteL,  ppoduujs 

t  l  fc  I 


s  (o^ii^oiw 

\  /v-  St  \  S.  £<  d  l<'~4  . 


ie  s  *- 


-{W-ftor 


ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG  MS  F/G  13/13 
PROGRAM  CRITERIA  SPECIFICATIONS  DOCUMENT,  COMPUTER  PROGRAM  TWOA— ETC(U) 
FEB  SI  V  M  AGOSTINELLI,  W  A  PRICE*  C  E  PACE 


SUBJECT  EXHIBIT  I 

COMPUTED  BY: 

DA  TE: 

file  NO. 

SAHPLE  FLOOOWALL 

SLIDING  A  M  ALT  Eli 

CHECKED  BT 

DATE: 

sheet  NO 

PASSU;  6.  EAtTH  RESISTANCE  At  TOE  OF  WALL 


^  ' 


~  4-  Hft 

=  T  fkkr  Hl  +  2  c'  H/V“ 

*  -^.(0.(2?-  0.66  25)  +  2  c'  (  10<.2)/T~f 


=  3. 2-  S  13  kp  +  26.4  c'/kp 

ACTIVE  EARTH  DR.WIN6  FORCE  AT  HEEL  OF  WALL 


-  Hac 


-^fbkA  Hl  -  2c'h/TT 


-L  (0,1  25  -  0.0  6  2-5.)  kA  C  *1'2) 


-  I.  6  4  S  Ic *  -  «8-4  C'JTT 


-  2  C  1<U)/  I<a 


1-9 


,  EXHI&IT  I 

COMP  u  T  t'G  tiV 

SAMPLE  FLOODIOALL 

SLIDIMG  ANALYSIS 

Checked  G r 

MET  APPLIED  FoR-CE  TEMDIMG  TO  UODUCF  SLID  I  n)  G 


—  Ht  “  Urt  *4*  Ha  C  -See  Skeei  H~3  Pot*  a**4  tfok 

=  11,42  2  -  4. in  *-  2*S  4S  krt  -  IS.I-cV  k* 

=  4  2.44 s-  kA  -  [%.itc/nr 

Reaction)  Forces  teudiug  to  resist  slid)  mg 


z  Rh  -  Huy  4  HPu)  =  V-  +  c'  A  4  3.2S13  kf  4  2.0.4-cT^ 

=•  14-32  23  W^'  +  14-80  c'  +  3. 2  513  kp  4  2  0. 4-  c'/kf 

EQUILIBRIUM  OF  APPLIED  AMP  REACTION)  FoB-LES 
CQMS.IDEB.nofe  TRIAL  FAILURE  SURFACE  ^  ~ 

With[2Ph  -  US,  FS  4  2c')  AMD  Z  «■  -fi  C  F  S  ,  Fs  4  2c';)  , 
the  eVU,LlBriUM  re&L+i  Ofcvth,  p  C  2^*2^  J  be  (£>/»*ve.S. 

£  CFS  ,  FS  +  2c'  )  =■  •?!  t  FS,  T  S  I  2C'j]  which  C Om  be 

hr(LwSpos.o4  ho  rfi-O-A  C  ■?,  <•  FS  ,  FS  t  2C'J  -  -fi  C  F£  ,  FS  4  2c/)  =  &J 

The  co/vwpu-lh^ii  o<v%  o|  FS  i^votv/fts  So^i^  the  fi^ptecs,! 
z:  z  Rh  *  ° 

-f.  C  PS,  FSV2C7)  -  h*  c  FS,  fS  4  2C'  )  -  O 

oja  ihtrcJhvR.  pyo <_e Aui A.  ,  eitUey-  arfe-plnce-tL  c  b^  h<wA) 

or  ojwfJU  h»‘ C^ii,  (.  Oiv\  the  co^pohat  }.  The  pro teAorR 

iwdluAjLS.  Cl)  ^C*.  SS  04^  \  'V'-  1  Cv  hriei  i/ciuR  °4  ^Fs  , 

U)  CcJt C U. ftcot  \/v^i  flJIoU)  wVUa  1/elu.RS  °l  (f>/  c'y 

c3)  Cei c u i.c^4'i<v' 4.  k*  oi'~A  kp  h-voA^.  0  .>  SL-h-sA’^cv’h  i'v-4 

C  l  ;  Cviv^A  iL.  4-/N  T  D..  CKr—n I  f  C  .j  Aw)  (-S  I 


.4o  2T  Dn  C'-'^A  Z  E  >\  )  <X~<\  (5) 


evthev  Z  Du  -  ${  c  FS,  FS+  2c'j  <Uw|  Z  E»,  t  FS,  FS  +  icO- 

the  pot*4  o-f  AA~|erseciio/v\  or  soDui^  -for 

FS  "ho  /VvcAe*.  Z  D|^  -  Z  Rh(  »  o 


1-10 


Affront  Crosi-, 


SU  Bj  EC  T : 

SAMPLF  FLOOD  WALL 
SUOlt.S  AWALVSIS 


COMPUTED  BY: 

DATE: 

CHECKEO  BY: 

DATE: 

The  +o+*l  bftse  --Tou<o<i(\AiovJ  iNtWf«ce  of  4be  T-w*ll 
Ncf  be  inI  Cor^presiioM  torfb  -H%e.  (ouki^i^ioK/ .  1-f  a«j<^ 

pAr-4  of  4he.  Suvfa.ce  owier-  Cosjsidev-ad-tovj  *s 
fhe  b^se--fau<ud^4ro»u  ikjWfftc*  Awd  >S  Wo-f  ikj  Co»o4ac|- 
tot'll  4V,e  feutoAMiOK)  j  fb'S  povfo»J  should  be  ue^eeAed 
voKcnj  otata'MfKjq  +Ke  effecAi oe  k>&.se  AceA  fo  ve-sisf 
S.liA"0<^  .  HooJe\/e.v  ?  if  4b e  A, scored  fa.\\o*-e.  Suv-fece 
is  Nof  aIou^  4-Ke  se  -  AumAaAiokj  iKjAev-f/voe.  buf" 
4V\ytoo^K  -fhe  soi|^  wo  ve.4oc.ffoM  im  4+\e.  Aces  4"o 
vesisf-  SliiiKlcj  IS  W\A^e. 

A  povV<o»u  o-f  4V\e  Cff  A  T~uja)1  toil!  waf 

be  iW  CoA^ipvesS'og  Loben  +he  iresuU  A»jf  f<\lls  oufside 
4^e  KevW  4-KuS  CveA-fiwJ^  A  CvAtcK  tuKic-K  <y\*J 
vesulf  \w  aw  iwcreASe  ikJ  upliff  pressures. 

TVs  cowjddioW  ujill  AfTeud-  +Ke  sluing  &V»A>i\d^ 

AWAlysis  wbevj  4be  Assumed  slidtvj^  ptawe.  Acfs  A lo^<: 

■H^e  soil  -  sWucfuae  iwWf Ace  belouj  -Uv£  Vmsd. 
of  Hie.  voA-l!  (for-  4-H'S  Cow  dif  lovj  +V|£  pvo^VAi v\ 

U)I  II  kiwe  4o  vtcyclc  brAok  ffvou^K  44\-e  Kws 

of  creep  ca I  cul Aftbws  uwfil  +Ke  cveep  p*Vr\ 
ASSuMff  cmS  4be  fiwAl  pArf  of  4be  bftSC  ffvfl  13  isl  c«Kjf*»<^" 


1-12 


EXHIB/T  X 

SAMPLE  FLOODS  ALL 

sliding  analysis 


COMPUTED  BY: 

DATE: 

CHECKED  BY: 

OATE: 

-VV\e.  -fcoKi<iAVtotj).  For  evermple  ,  Consider-  A  ujaU 

d+'ou4  ^  l<evj  Av 4cl  cui4k  ft  horcLovdAl  b^se,  ujK&*4  +he 
resul^Awi  Alls  dd'Vs «de  4he.  kev-N  Avjd  +i\e.  Assumed  slidiN<) 
plftNe.  is  Mo*o^  4he  tsrU-rfAce.  beHueekj  4he  bAse  of  +ke. 
sWueVure.  ANcI  4he  Soil  Auud+tovl  ,  4pld+  pv-essuees 
uuv  \\  \>a  co*v»p«j4e<j  Assurvusj^  No  creep  U-ss  for  +he. 
poyViotJ  o4  4ke  -Co(jkj<{a4~<&»J  #00+-  ikJ  Com  press  iokj, 

For  Fhe.  cokj (i+iosj  cokey-e  4Ke  v-esuHA*«rl’  Alls  ouTside 
44\e.  kaviyj  \>+  4ke  Assumed  Shdtd^  pUue  is  -JVough  4he 

Soil  j  Coy-  ejcArviple.  a  waII  u/ffK  A  fee/  posi-fioued  A"f  *fhe 
ex4ve.wie  c*vj4  of  -the.  heel  (see  63  tire  shou/w  belou#)^ 
No  iNcrense  IN  upl+f  pressure  will  be  Considered 
becAuse  4he  Soil  does  N£ d  1++  ftNcl  -Cor  tA  ft-  CrflcK  AS 
IS  4he  CASe  A"f  "Hie  Soi  I  -  s4*-uc4uire  uj-kv-Ace  . 


A  FcsJure  ptawc 


1-13 


5ljB'eCT  EXHIBIT  I 

COMPUTED  BY: 

DATE 

FILE  SO. 

SAMPLE  FLOOD  WAU- 

sliding  ANALYSIS 

CMECKEO  BY: 

DATE: 

SHEET  no. 

Ano vcasokI  4V\e  u^-liff  -fev-oss  <\v-e  wof  a-C-'hcAed 
f  ov  *VV\»s  Cov^AtWwJ  >S  becAJse  4hei^  cire  forces 
i**s\c\e  4-Ke.  Sen  1  -  sWucWe  4We.  bc*k  Aud  4A«v-efove; 

d  o  KJod"  At'  f  e  c.V  +he  Ov/gv-aI!  SlidiMj  S+Ab.  l>-kj  . 

The  f>  Asid  C  vaIols  should  be  CoNlsisfeKii*  uj  r+h 
+he  mrt^cvidl  beitsiq  s Wert red  .  A  pU»je  of  fftiluve 

fVwou-AW  ^We.  coil  should  use  +We.  akjJ  C  of 
4ht  Soil.  For  AUi^  af  4Vve  f^iluRE.  plaues  aIou^ 

fhe  soil  -  s-W-ucAure.  /hjkvfpice.  ^  use  +Ke  <f) //vj  C  foe. 

Slid.ijA  -Tv-icdiGO  M  -fKe  ihri  er-fece  . 


*ts  »OWI  MO. 
•rv  OCT  IMI 


1253 


I-U 


subject  EX  H  I  6  1  T  r) 

SAMPLE  FLOODWALL 
51-|  DING,  ANA  Lt  SIS 


PASSIVE  EAtTH  R-EMSTAWC 


COMPUTED  BY; 

DATE. 

CHECKED  By 

DATE: 

TOE  OF  WALL 


‘w  -  C  nf?  +  Hff  1  cos  *1*  ofe 

=  [4-  Ifb  kr  H2 '  +  2-c'H/ kp  J.L0  5  9.U019 

_  ^-L(o,  US-6.0625)  kp  - 1+-5)  *■  1  c' t:4-5j/  kp  ]  cos  ikofc 

-  0.5^05  kf  *  8.HU'  J  kp 

ACTIV’f  EAETH  .0_RJ.VI.M6  FORCE  AT  KEEL  OF  wall 


Uaw=(  Ha^  -  Hac)  Cosai.o** 

_L.  yt  (-|**c.os  H.o  ^  —  2.  c.  h/TT  •  cos  2(.o6 

i  1 

=  —  to.UT  -  0.0  625  )  kA-n.t)  •  tos  21.06 

-  ?■  C  ■  O-  2)/  k/s  ■  Cos  2  1.0  6  * 

•=  2.4683  k*-  n.nio  c'  j  k* 


J-3 


EXHIBIT  J 

S  AM  PLE  PLOODk)  ALL 
SLIOIM6  A-MA  LT  S  I  S 


FORCE  TENDING  TO  IK)  D 


LI  O  I  10  6 


4  Hpw  =[2H/.  cosw  +  2H-  c.^to]  ■  4cl-^'+  c'-A  4  HTio 
~[u.8Si  &  •  cos  2|.ot  4  f  11.21  fc-  P.  821-  2.1  n>  Si-H  H.d6*  4- 
-  o-e  (-is)  -  4*  •  (.  Tj)1-  2c'm.2  )/ioT}  l  ■«*  2i.o« 

<  O.U5  -  0.0  6  2S  ) -kf  •  C  4,S)1  4  2-  C't  4.S)/k jT }  •  S  ,/v.  i\.ot  ']  •  <£'+ 

(S-86C4  0.5103  k,,  4  8.211<c'./i> 

=  [l1~22R  +  o,  1£05kft  -  6.412  c'JVk  -  0.2214-  Wf  -  2.13  V'  <-'/£>]  •  4 

IS.86C'  4  o.sios  kp  4  8.111.  c/Fp 
EQUILIBRIUM  OF  AppufiO  AUt>  R.E  ACT  I  ON  FORCE 


Cowsi  DERINfe  TRIAL  F  A I  LU  R-E  SURFACE  1 


W(TH[zt?w=  -f,  iFSJ  A  Ki  o  ^  *ke  e^u,  Si,  V,  hav> 

T-rU*.  O/wc-V.p  C2  0w  =  2rkioJ  bcc  oivwb  s  [  L  F  s  0  r  -ft  i  F  S  )] 

wluck  COuvx  b<_  -trcwvS.  poSc4  r-e. CFS)  -  CFS)  =  o} 

lW  Ccxv\.-vpu.W4iO/V\  o|  FS  So5i/|0.^  tke  iypTfssjo, 

ZTDuj-21Rd  =  ° 
fiLFS)  -  -f\  (.  FC  )  =  o 

t-,  <x/v.  i  iereJt , V-e  proLB.c\uYe;  e.,4ke.r  grupk:  c^kS  (.  ^  -R cv^-Jl 
ot  cwwLL^Ct-ki-,  L  om.  tke.  CoA'-^u.fer  )  .  Tke  ^  pro  ctcfuire 

iA\ciiucL.S  Cl)  “ft  SSO»w(fl\4  C\.  ■Jtov^k  of  FS  j 

U)  CfvSl.Clvlcv.i'|0~A  CvUcLDCvlX-U.  f  of  (p‘  Cwj  C  , 

is )  cdoUMi^  k a  <x~-4  lcp  frcs^  <P',  (.4) 

c'/  kp  ,  0^4  kp  vwko  2T  d-v-d  z.  J>w  j  IS)  R-ttkcr 

ZDw  -  •?,  L  FS  )  CKrrJ\  Z.  k«o  -  4  C  FS  )  +t> 

*ke  po(«^4  o|-  key  S  je  c  f- 1  Oo^  OT  S«kvi<i~<J  f  S, 

Ro  ftvv«dc«_  21  Du>  -  -2.  Rio  =  D 


»ES  FOHM  NO. 
PEVOCT  1968 


COMPUTED  BY 


DATE 


bU  *  EXHIBIT  tJ 

S  A  M  PLE.  fl  OODuJAll 
iuDI'Hfc  A  N  A  S  I  S 


CAL 


ra:«£H 


\  xr  <r  r 

-  <r  <S)  rO 


*\  rO  rJ 

O  O  o 


-?  <r  —  (M 

N  £  =  »  si 


^  ro  -  o 

"O  y)  V.O  <i 


^  u-  0 


*0 

o 

oo 

_.- 

O 

o- 

<y- 

oO 

C“ 

& 

l/> 

c- 

c~ 

c~ 

cr 

-G 

•^7 

«0 

-o 

>o 

>o 

LO 

rO 

fN» 

r-J 

nj 

CNI 

rO 

CV 

CN 

PY 

ru 

r?£  C-  c-  c-  (7-  >i)  ^  -D  to  D 


oo 

oO 

OO 

aO 

OO 

CO 

00 

CO 

oo 

JL>  <0 

o 

c/ 

o 

o 

o 

o 

o 

o 

o 

o  °. 

sO 

'■O 

vO 

^3 

si> 

NO 

N0 

Jj  J> 

CT’  r^7  ^ 

— 

»  »  » 


%£  >0  ><?  vO  ^  *A  *0  ^ 

OOO  ooo  o  6 

III  III*  » 

—  oft  <r  _  «"  eO  e-  V 


HO 

o 

+ 

oO 

oo 

oo 

<r 

tf- 

cr 

O 

—- 

0" 

<30 

rO 

rO 

pO 

PO 

rO 

rO 

* 

sC 

XT 

oo 

oo 

CO 

CO 

oo 

CO 

oo 

oo 

oo 

fN» 

0 o 

N 

cr 

cr 

oo 

<T* 

ao 

CO 

CIO 

oO 

oo 

flO 

OO 

<o 

oo 

r~ 

oo 

C“ 

00 

6 

6 

o 

o 

o 

o 

O 

o 

O 

O 

o 

6 

o 

6 

o 

6 

o 

6 

o 

6 

— 

r*> 

o 

c~ 

J) 

CO 

cr 

rJ 

o 

l/> 

rO 

£ 

sO 

rJ 

tA 

o 

in 

o 

O 

in 

o 

iO 

O 

IA 

0 

in 

O 

10 

cr 

O 

0 

O 

r 

— 

PO 

cO 

-X) 

o 

N 

Ki . 

rO 

* 

Y- 

'■r 

•f 

(13  -SV^tNl-i/SdlTl  -)  3?303 


SUBJECT 


COMPUTED  BY 


DATE 


WES  FO«M  NO. 
NEV  OCT  I960 
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J-7 


h  w-e  ’  EXHIBIT  J 

COMPUTED  BY 

DATE 

S  AJ1-ELLE  ._  FX_0  0  D  tOA  U- 

1 

1  &L10IM&  AKA  LYSIS 

1 - 

checked  b * 

— 

DA  TE 

NET  APPHE&  FOUCE  TEMPING  TO  IKJDUCF  <.L-t  O I  >0  G> 

Z  =■  H,  -  Uh  4  Ha  (■  See  ^eei  H-5  Por  H.  o.-~4  UfJtiui 

=  11.^22  -  <v-in  *-  ^  -  im-c'/TT 

=  H.30S  4  24  4S-  kA  -  18.4  c  J  kk 


Reaction)  forces  temping  to  resist  sliding, 
reh  -  Hn0  4  Hpw  -  V-  i^(p'  4  c'  A  4  3-2S13  kr  4  co.i-cTS 

-  14 . 3  Z2J  )ro^  $'  4  l4-8o  c'  4  3.2513  kp  4  2 o.  4  c'/f^f 

EQU1USR-1UH  OF  APPLIED  AND  REACTION  FoR-CES 
COIOS.1  Q£IMK)fe  TR-IAL  FAILUB.E  &UR.F-ACE2 


OOitK  C  Z  D*  =  -p,  Lts )  and  2  2k  »  -pj.  CFS)],  *W  e^u.dttnu^ 

r«-5lfvV»o<wc.k;f  c  2Dn  =  S’?*  3  btiows  C-P»tFS)  -  CFsjJ 
ioVhcI*  CCMw  b*  i-revAvS  poix-4  -k>  raoA  [.  -P,tFS)  - -?!( FSJ^oJ 

Tke.  c c/w-puA^Vi  O'w  o-?  FS  iavvotvei  s^ui^  tW  CYpussic*, 
zDn  -  S  -  o 
•P.CFS)  '  -fi  l.FS)  =  o 


\\JJL  pro  (-a. «iur€  t  -ciAxf  c  ^ 

or  G.rvvA.^'l; C  cww  •tke.  Co'WpuA-ar  )  •  TVe  proutdmr£. 

ia^cAucUs,  CO  CvSSOrVv^r^a.  ^4S«X  o|p  FS  ; 

^4)  C<JlCU.S.^V\<v'1-  £•-&£  o VO «*■  V*X.l*-£S  0  ■f  0  CK^\  C  j 

C3 )  CfAcu.  t.eJt'i  U*  Cv-''-«l  kp  frw —  $  ,  C  4-)  SuV-s^i^uVc*^ 

c‘ j  k a  cw4  Up  fcwJfe  .zcD^  o.^  2t  k h  ,  cv<v-4  t-s  j  -c-'-tker 
pb-tt-wv'j  2:  Pn  -  -f.CFS)  rw«i  ZL  Cn  =  -ft^RS.) 


Ac  po \<v-^  o^L  <4  .s*  c  V»  o^. 


■SoGiJ 


^  f* 


FS 


or 


SUBJECT: 


DATE 


FILE  NO. 


9 


Afftox  Cross 


DATE: 

FILE  NO. 

DATE: 

SHEET  NO. 

EXHIBIT  J 
SAMPLE  FLOOD U3AU_ 
SliDimG  ANALYSIS 


The  fafftl  b*se  --fou>j<UfoM  isHefftce  cf  -Hvs  t-waH 

NM'j  KJdrV  te  INl  Cor*preS'  IOkJ  UJ.4^  -ft^t  fouwcM-iOlU  •  If  Anij 

peivV  of  4he.  Suvfa.ce  Ukjdev  CoNJSiiev-oftovJ  *s  <4  lou^ 
"t"ke.  b^se--fau»jd^4-io»J  iv)Wfftc£  Awd  »S  klof  im  Coij-Ucf 
Diff  ■pr\£  foouA'.\ic*J  j  "Hvs  pov'Viokj  should  Vie  ue^\ecde<i 
wiKckj  obta'AJiKjq  4-he  effccfiv/e  t>A.se  AfteA  fo  vesuri" 

N» 

SluliMa  ,  Houje'JS.v  ;  \Jr  +he  A,ssu»asC  •f<x\\u're.  Suvfa.ce 
is  no4"  aIoo^  4Ke  bftse  -  fouM^A+ioM  iN)"WfAC/s_  buf 
+V\voo^^i  -fKe  sc\\  j  mo  vectocfjotj  inj  -fKe.  P.tc&A  +0 
v-es\s"V-  sliiuoc,  IS  rv\A<le. 

A  povf'OKj  of  4f\e  laAse  erf  A  T-ujaI1  cuil|  Mof 
be  Ik)  Com  pvess-orj  Lo ben  4-he  vecuU  r.kjf  fblls  oufside 
+V\e  kevM  fkuS  CveA-iwrUa  A  Cv/ScK  uAic.V>  CF>*J 

vesulf  \M  AM  iMCveASa  is)  upbff  pressures. 

TKiS  COKldlllOKj  LUt  11  Affecf  +Ke.  slidivj^  sfvbi\if-j 

AwMysis  uuHsk)  4Ke  Assumed  sltdivj^  pU^e  Acts  aIc*^ 
fhe  soil  -  sA vu cl- u de.  iMWfi^ce  belouj  -VKe  lopse. 
of  e.  VJf\  (1  ( for*  4-h'S  Covjdil-foM  -fbe 

Um  1 1  hrtve  'lo  recycle  bAck  fWou<^f>  fhe  Usje 

of  creep  ca  I  cul  axioms  uiufii  +Ke  creep 
AssuN^fcMS  m\a+cK  4he  fiwftl  pAvf  of  fV\e  U:?.  »5  iM  coKFfocf 


J-1.0 


subject  £xmQ|T  J 

sample  fujoouall 
Sliding  analysis 


COMPu  r  t‘t»  BY 

D*  T  £ 

CHtC  KED  BY 

OATE 

sr  eviwiple  ,  Con- 

tde-r  A  UlA 

Uiik'ou'l  A  kew  And  ojrlk  A  bovitouVAl  b^sej  u;ke*4  ■H've. 
v-esuUpiM-l  A  lie  ouksune  +ka  keru  avjA  4l\£.  Assumed  SiuiiN^ 
plAsie  'S  a\o*oa  4ke  itsAcrfftC-e.  teYuje«.kj  4k»e  Ioass  ck  +K«- 
sWockAve  Asid  •+ke  Soil  -AoucUktoU  ^  tAplikk  pressures 

u»v\\  V>e  co^puAd  AssurvMKiq  no  creep  Uas  4Jv-  4ke 
pov-kio»j  ok  4-ke  -Toukj<1a4<>»j  mo4"  i nJ  Corw  press  i  ok/. 
For-  fKe.  coKi^ik<0Kj  ukpy-e  4ke  y-esuliA.^rl  Alls  cuksikc 
+Ke  k «.r*j  \>i/f  -H\e  Assumed  $WAhOa  pUue.  is  kkrou^k  "Hie 
Soil  j  -Avr  ejcciiMple  A  wall  u-rlk  a  fee/  posikiowed  Ak  Ac 
ex4ve»vie  e«vi4  o-f  4ke  keel  (see  •figu.'re.  Doow^  belouj)^ 
hJc  1‘JCv'efite  i*J  uplift  presr are  will  fee  comsideirecl 
becAusc  4V\e  Soil  does  Ntfj  I'A  ftKid  -Corno  A  cr«cK  As 
IS  +ke  CA$a  a4  4ke  soi  I  -  s4v-u.ckvire  nj-kv-Ace  . 


J-ll 


SuR  it  T 

EXHIBIT  xJ 

COMt’u  r£Li  By 

DATE 

file  s: 

S^f^PtE  FLOODWAUU 

SuO'HO  AmHuysit 

checked  b * 

DATE 

SHE  E  r  ♦. .: 

Avio^e-r  treASo*-!  -W\e  -fcy-oss  Aye.  Kio"f  oX-'ecded 

{ov  -Hus  Co^i(i>Vi^vi  it.  becftjse  -W\eu^  Are.  Carets 
tviSitkc  -%-Kc.  So\  1  -  sWucAuve  -Tree  bed^  Awd  f^Grefove  j 
do  Ki.-d"  oofed"  +Ke  os/evall  sldi-jj  s+a b. I •  4^  . 

Tv-  £  <f>  ANid  C  va!ue.s  should  be  CoiHsisfeKjf  oorHi 
+Ke  rvM»-tev'w*l  loeiw«\  sKc-Ared .  A  plftvje  of  failure 
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a  fully  passive  earth  pressure  due  to  an  earthquake  is  computed  as  follows 
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static  passive  pressure  coefficient  for  the  fully  passive 
case  (see  A. 1.4b) 


For  the  case  where  passive  earth  pressure  is  used  as  a  stabilizing  force, 
a  reduction  in  the  passive  earth  pressure  due  to  an  earthquake  accelera¬ 
tion  is  assumed  at  the  same  instant  the  fill  pressure  behind  the  struc¬ 
ture  is  increased.  If  a  reduction  in  Kp  has  been  used  for  computing 

an  effective  K  for  the  static  case,  this  same  reduction  in  AK  is 
P  Pe 

used.  APpe  *s  aPPlied  at  2/3H  above  the  base.  The  pressure  distribu¬ 
tion  of  AP  is  the  same  as  assumed  for  the  active  earth  pressure 
pe 

cond i t ion . 


8.5.)  At  Rest  Earth  Pressure  Conditions  -  The  increase  in  an  at  rest 

earth  pressure  due  to  an  earthquake  is  approximated  by  the  Mononobe-Okabe 

method.  The  change  in  the  active  earth  pressure  coefficient  AKfle  *s 

first  computed  as  described  in  paragraph  8.5.1,  and  then  multiplied  by 

the  ratio  K  /K  to  obtain  the  change  in  the  at  rest  earth  pressure 
r  a 

coefficient  AK  .  The  change  in  at  rest  earth  pressure  is  then  com- 
re  ° 

puted  as  follows: 


Onlv  the 
s  idered . 
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re  A  re 

horizontal  component  of  the  earthquake  acceleration  is  con¬ 
i’  is  applied  at  two  thirds  the  height  of  the  fill  above 
re 

The  pressure  distribution  of  AP  is  the  same  as  assumed 


for  the  active  earth  pressure  condition. 


8.6  LATERAL  COHESIVE  EARTH  PRESSURES  DUE  TO  EARTHQUAKES 

The  computation  of  the  dynamic  earth  pressure  for  cohesive  soils 
is  beyond  the  scope  of  this  computer  program.  A  nonlinear  finite  element 
analysis  to  account  for  inelastic  strains  in  the  soil  could  possibly  be 
used  for  critical  cases. 

8.7  WATER  PRESSURE  DUE  TO  EARTHQUAKES 

8.7.1  Method  -  If  the  backfill  over  the  heel  is  saturated  to  some  level, 
the  increase  of  soil  force  over  the  heel  is  determined  by  the  Mononobe-Okabe 
theory  described  in  paragraphs  8.5  and  8.5.1,  using  the  saturated  unit 
weight  for  submerged  earth.  When  water  exists  above  the  soil  top  surface, 
the  increase  of  force  of  the  water  above  the  soil  top  surface  is  computed 

by  the  Westergaard  theory  described  in  paragraph  8.7.2,  Earthquake  on  water 
above  the  soil  top  surface  on  the  heel  side  causes  an  increase  in  the 
total  force  when  the  acceleration  is  positive,  a  decrease  when  the  acceleration 
is  negative.  Earthquake  on  water  above  the  soil  top  surface  on  the  toe  side 
causes  a  decrease  in  the  total  force  when  the  acceleration  is  positive  and 
an  increase  when  the  acceleration  is  negative.  The  Westergaard  theory 
yields  a  parabolic  shape  to  the  added-pressure  diagram.  All  forces  due 
to  earth  on  the  toe  side  of  the  stem  are  computed  as  a  passive  reaction  to  the 
summation  of  all  other  forces.  A  replacement  figure  8-3  for  page  8-10  is 
attached. 

The  heel-side  increase  in  soil  forces  due  to  earthquake  is  placed 
in  array  EH  for  use  in  stability  calculations  and  in  array  EHS  for  use  in 
stem  stress  analysis,  after  the  inversion  shown  in  diagram  (A)  in  Figure  8-3. 

The  net  dynamic  pressure  diagram  of  the  heel-side  Westergaard  water  pressures 
(a  parabola)  summed  algebraically  with  the  toe-side  dynamic  pressures 
(another  parabola)  is  placed  in  array  EFH.  See  Chapter  11  in  the  User's 
Reference  Manual  for  more  detail  on  these  arrays  and  how  the  user  can  modify 
the  computed  values  or  substitute  his  own. 

8.7.2  Westergaard  Theory  -  By  the  Westergaard  theory,  the  dynamic  water 

pressure  down  to  depth  y  below  the  surface  for  a  total  water  depth  h  [d] 

is  expressed  by  Equation  3  on  page  5  of  EM  1110-2-2200  as 


The  additional  moment  at  depth  v  due  to  P  is  given 

• ) 


M  =  -  C  <v2  7hv 
e  1 5  e 


with 
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1  -  0.72 


h  \2 


1000  t 


where  g  is  acceleration  of  gravity  (32.2  ft/sec“) 
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